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A. DYNAMIC RAM 

1. Standard DRAM 



Capacity 


Part Number 


Organization 


Access Time 
Max (ns) 


Cycle 
Time 
Min 
(ns) 


Process 


Power Dissipation 
Max S/B (mW) 


Pins 


Operating 
Mode 


TRAC 


TCAC 


Active 


Standby 


1M 
Bit 


rC511000AP/AJ/AZ-70 
rC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 


1,048,576X1 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


5,5 


18/26/20 


Fast Page 


FC51 100OAPL/AJL/AZL-70 
TC51 1000APL/AJL/AZL-80 
TC51 1Q0QAPL/AJL/AZL-10 


1,048,576X1 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


1.1 


18/26/20 


Fast Page 
Low Power 


TC511001AP/AJ/AZ-70 
TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-1Q 


1,048,576X1 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


5.5 


18/26/20 


Nibble 


TC5-M002AP/AJ/AZ-70 
TC5110Q2AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


1,048,576X1 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


5.5 


18/26/20 


Static 
Column 


FC51 4256AP/AJ/AZ-70 
TC51 4256AP/AJ/AZ-80 
TC51 4256AP/AJ/AZ-1 


262,144X4 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


5.5 


20/26/20 


Fast Page 


TC51 4256APL/AJL/AZL-70 
fC51 4256APL/AJL/AZL-80 
FC51 4258APL/AJL/AZL-1 


262,144X4 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


1.1 


20/26/20 


Fast Page 
Low Power 


TC514266AP/AJ/AZ-70 
TC514266AP/AJ/AZ-80 
rC514266AP/AJ/AZ-10 


262,144X4 


70 

80 

100 


20 
20 
25 


130 
150 
180 


CMOS 


440 
385 
330 


5.5 


20/26/20 


Fast Page 
Write- 
Per-Bit 


TC51 4258AP/AJ/AZ-70 
TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


262,144X4 


70 

80 

100 


25 
25 
30 


130 
150 
180 


CMOS 


440 
385 
330 


5.5 


20/26/20 


Static 
Column 


TC514268AP/AJ/AZ-70 
TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


262,144X4 


70 

80 

100 


25 
25 
30 


130 
150 
180 


CMOS 


440 
385 
330 


5.5 


20/26/20 


Static Col- 
umn, Write- 
Per-Bit 


4M 
Bit 


TC514100J/Z-80 
TC514100J/Z-10 


4,194,340X1 


80 
100 


20 
25 


150 
180 


CMOS 


550 
468 


5.5 


26/20 


Fast Page 


TC514101J/Z-80 
TC514101J/Z-10 


4,194,304X1 


80 
100 


20 
25 


150 
180 


CMOS 


578 
495 


5.5 


26/20 


Nibble 
Mode 


TC514102J/Z-80 
TC514102J/Z-10 


4,194,304X1 


80 
100 


20 
25 


150 
180 


CMOS 


550 
468 


5.5 


26/20 


Static 
Column 


TC514400J/Z-80 
TC514400J/Z-10 


1,048,576X4 


80 
100 


20 
25 


150 
180 


CMOS 


578 
495 


5.5 


26/20 


Fast Page 


TC514402J/Z-80 
TC514402J/Z-10 


1,048,576X4 


80 
100 


20 
25 


150 
180 


CMOS 


578 
495 


5.5 


26/20 


Static 
Column 


TC514410J/Z-80 
TC514410J/Z-10 


1,048,576X4 


80 
100 


20 
25 


150 
180 


CMOS 


578 
495 


5.5 


26/20 


Write-Per-Bit 
Fast Page 
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2. CMOS Video Ram 



Capacity 


Part Number 


Organization 


Random 
Access 

(ns) 
TRAC 


Serial 
Port 

Time 
(ns) 

TCAC 


Serial 
Port 
Access 
Time 
(ns) 


Cycle 
Time 
Min 
(ns) 


Power Dissipation 
Max S/B (mW) 


Pins 


Operating 
Mode 


Active 


Standby 


1M 
Bit 


TC521000P/J 


32K X 8 X 4 






20 


190 
180 


550 


110 


40/40 


Serial-ln 
Serial-Out 


TC524256P/Z/J-10 
TC524256P/Z/J-12 


RAM PORT: 262, 144 X 4 
SAM Port: 512 X 4 


100 
120 


50 
60 


25 
35 


190 
220 


550 
495 


110 


28/28/32 


Random Port 
Page Mode 
Write-Per-Bit 

Serial Port 
Serial input 
Serial Output 


TC524257P/Z/J-10 
TC524257P/Z/J-12 


RAM Port: 262,1 44X4 
SAM Port: 512X4 


100 
120 


50 
60 


25 
35 


190 
220 


550 
495 


110 


28/28/32 


Random Port 
Page Mode 
Write-Per-Bit 

Serial Port 
Serial Input 
Serial Output 

With Raster 
Operation 



NOTE: Package P: Plastic Dip Z: Plastic Zip J: SO J 
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3. DRAM Modules 



Organization 


Part Number 


Access Time 
(ns) TRAC 


Pins 


Assembly 
Side 


Pin Type 


Height 
Max (mm) 


Comments 


1MX8 


THM810CX)AS-70 
THM81000AS-80 
THM81000AS-10 


70 

80 

100 


30 


Single 


Socket 


20.45 


Fast Page 


THM81000AL-70 
THM81000AL*80 
THM81000AL-10 


70 
80 
100 


Pin 


22.60 


THM81020AL-70 
THM81020AL-80 
THM81020AL-10 


70 
80 
100 


30 


Double 


Pin 


12.64 


1MX9 


THM91000AS-70 
THM91000AS-80 
THM91000AS-70 


70 
80 
100 


30 


Single 


Socket 


20.45 


Fast Page 


THM91000AL-70 
THM91CXX)AL-80 
THM91CXX)AL-10 


70 
80 
100 


Pin 


22.60 


THM91010AS-70 
THM91010AS-80 
THM91010AS-10 


70 
80 
100 


30 


Double 


Socket 


20.32 


Fast Page 


THM91020AL-70 
THM91020AL-80 
THM91020AL-10 


70 
80 
100 


Pin 


12.64 


256K X 36 


THM362500AS-70 
THM362500AS-80 
THM362500AS-10 


70 
80 
100 


72 


Single 


Socket 


25.4 


Fast Page 


512KX36 


THM365120AS-70 
THM365120AS-80 
THM365120AS-10 


70 
80 
100 


Double 


25.4 
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B. STATIC RAMS 

1. Standard SRAM 



Capacity 


Part Number 


Organi- 
zation 


Access Time 
Max (ns) 


Cycle Time 
Min (ns) 


Process 


Power Dissipation Max (mW) 


Pins 


Package 
Width (inch) 


Active 


Standby 


64KBit 


TC5563APL-10 
TC5563APL-12 
TC5563APL-15 


8,192X8 


100 
120 
150 


100 
120 
150 


CMOS 


220 


0.55 


28 


0.3 


TC5563APL-10L 
TC5563APL-12L 
TC5563APL-15L 


100 
120 
150 


100 
120 
150 


0.165 


TC5565APL/AFL-10 
TC5565APL/AFL-12 
TC5565APL/AFL-15 


8,192X8 


100 
120 
150 


100 
120 
150 


CMOS 


220 


0.55 


28 


0.6 (P) 
0.45 (F) 


TC6565APL/AFL-10L 
TC5565APL/AFL-1 2L 
TC5565APL/AFL-15L 


100 
120 
150 


100 
120 
150 


0.165 


265K Bit 


TC55257APL/AFL-85 
TC55257APL/AFL-10 
TC55257APL/AFL-12 


32,768 X 8 


85 
100 
120 


85 
100 
120 


CMOS 


330 


0.55 


28 


0.6 (P) 
0.45 (F) 
0.3 (SP) 


TC55257BPL/BFL/BSPL-70 
TC55257BPL/BFL/BSPL-85 
TC55257BPL/BFL/BSPL-1 


70 

85 

100 


70 

85 

100 


0.55 


TC55257APL/AFL-85L 
TC55257API/AFL-10L 
TC55257APL/AFL-12L 


85 
100 
120 


85 
100 
120 


0.165 


TC55256PL/FL-10 
TC55256PL/FL-12 
TC55256PL/FL-15 


32,768 X 8 


100 
120 
150 


100 
120 
150 


CMOS 


330 


0.005 


28 


0.6 (P) 
0.45 (F) 


TC55258PL/FL-10 
TC55258PL/FL-12 
TC55258PL/FL-15 


32,768 X 8 


100 
120 
150 


100 
120 
150 


CMOS 


330 


0.005 


28 


0.6 (P) 
0.45 (F) 


1MBit 


TC551001PL/FL-70 
TC551001PL/FL-85 
TC551001PL/FL-10 


131,072X8 


70 

85 

100 


70 

85 

100 


CMOS 


330 


0.55 


32 


0.6 (P) 
0.45 (F) 



Note: Package Material: P-Plastic Dip F-Flat Package (SOP) SP-Skinny Plastic Dip 
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2. CMOS Pseudo Static RAM 



Capacity 


Part Number 


Organization 


Access 
Time 
Max 
(ns) 


Cycle 
Time 
Min 
(ns) 


Power Dissipation 
Max S/B (mW) 


Pins 


Package 
Width 
(inch) 


Comment 


Active 


Standby 


256K Bit 


TC51832P/SP/F-85 


32,768 X 8 


85 


135 


303 


5.5 


28 


0.6 (P) 
0.3 (SP) 
0.45 (F) 




TC51832P/SP/F-10 


100 


160 


248 


TC51832P/SP/F-12 


120 


190 


220 


TC51 832PL/SPL/FL-85 


85 


135 


303 


0.55 


Low Power 


TC51832PL/SPL/FL-10 


100 


160 


248 


TC51832PL/SPL/FL«12 


120 


190 


220 


1MBit 


TC51 81 28AP/ASP/AF-80 
TC61 81 28AP/ASP/AF-1 
TC61 81 28AP/ASP/AF-1 2 


131,072X8 


80 
100 
120 


130 
160 
190 


385 
330 
275 


5.5 


32 


0.6 (P) 
0.3 (SP) 
0.45 (F) 


With 
CET/CE2 


TC51 81 28APL/ASPL/AFL-80 
TC61 81 28APL/ASPL/AFL-1 
TC61 81 28APL/ASPL/AFL-1 2 


131,072X8 


80 
100 
120 


130 
160 
190 


385 
330 
275 


1.1 


32 


0.6 (P) 
0.3 (SP) 
0.45(F) 


With CE1/CE2 

And Low 

Power 


TC51 81 29AP/ASP/AF-80 
TC51 81 29AP/ASP/AF-1 
TC51 81 29AP/ASP/AF-1 2 


131,072X8 


80 
100 
120 


130 
160 
190 


385 
330 
275 


5.5 


32 


0.6 (P) 
0.3 (SP) 
0.45 (F) 


With CE/CS 


TC5 1 8 1 29APL/ASPL/AFL-8Q 
TC51 81 29APL/ASPL/AFL-1 
TC61 81 29APL/ASPL/AFL-1 2 


131,072X8 


80 
100 
120 


130 
160 
190 


385 
330 
275 


1.1 


32 


0.6 (P) 
0.3 (SP) 
0.45(F) 


With CE/CS 

And Low 

Power 



3. High Speed Static RAM 



Capacity 


Part Number 


Organization 
And Process 


Access 
Time 
Max 
(ns) 


Cycle 
Time 
Min 
(ns) 


Power 
Supply 


Power Dissipation 
Max (mW) 




Package 
Width 
(Inch) 


Comment 


Active 


Standby 


16KBit 


TMM2018P-25 
TMM2018P-35 
TMM2018P-45 


2,048 X 8 
NMOS 


25 
35 
45 


25 
35 
45 


5V±10% 


825 
742.5 
742.5 


5.5 


24 


0.3 




64KBit 


TC5561 P/J-35 
TC5561 P/J-45 
TC5561 P/J-70 


65,536 X 1 
CMOS 


35 
45 
70 


35 
45 
70 


5V±10% 


550 


0.55 


22 (P) 
24 (J) 


0.3 (P) 
03 (J) 


Low Power 


TC5562 P/J-35 
TC5562 P/J-45 
TC5562 P/J-70 


65,536 X 1 
CMOS 


35 
45 
70 


35 
45 
70 


5V±10% 


550 


5.5 


22 (P) 
24 (J) 


0.3 (P) 
0.3 (J) 




TC55416P-20 
TC55416P-25 
TC55416P-35 


16,384X4 
CMOS 


20 
25 
35 


20 
25 
35 


5V±5% 
5V±10% 
5V±10% 


660 
660 
550 


5.5 


22 (P) 
24 (J) 


0.3 (P) 




TC55416P-15H 
TC55416P-20H 


16,384X4 
CMOS 


15 
20 


15 
20 


5V±10% 
5V±10% 


660 
550 


5.5 


22 


0.3 




TC55417P/J-20 
TC5541 7P/J-25 
TC55417P/J-35 


18,384X4 
CMOS 


20 
25 
35 


20 
25 
35 


5V±5% 

5V±10% 

5V±10% 


660 
660 
550 


5.5 


22 (P) 
24 (J) 


0.3 (P) 
0.3 (J) 


WithOE 


TC55417P/J-15H 
TC55417P/J-20H 


16,384X4 
CMOS 


15 
20 


15 
20 


5V±10% 
5V±10% 


550 
550 


5.5 


24 


0.3 (P) 
0.3 (J) 


WithOE 


TC5588P/J-15 
TC5588P/J-20 
TC5588P/J-25 


8,192X8 
CMOS 


15 
20 
25 


15 
20 
25 


5V±10% 


660 
550 
550 


5.5 


28 


0.3 (P) 
0.3 (J) 


WithCEl 
AndCE2 


72KBit 


TC5589P/J-15 
TC5589P/J-20 
TC5589P/J-25 


8,192X9 
CMOS 


15 
20 
25 


15 
20 
25 


5V±10% 


660 
550 
550 


5.5 


28 


0.3 (P) 

0.3 (J) 


WithCEl 
AndCE2 


256K Bit 


TC55464P/J-20 
TC55464P/J-25 
TC55464P/J-35 


65,536 X 4 
CMOS 


20 
25 
35 


20 
25 
35 


5V±10% 


660 
660 
550 


5.5 


24 


0.3 (P) 
0.3 (J) 




TC55465P/J-20 
TC55465P/J-25 
TC55465P/J-35 


65,536 X 4 
CMOS 


20 
25 
35 


20 
25 
35 


5V±10% 


660 
660 
550 


5.5 


28 


0.3 (P) 
0.3 (J) 


WithOE 


TC55328P/J-20 
TC55328P/J-25 
TC55328P/J-35 


32,768 X 8 
CMOS 


20 
25 
35 


20 
25 
35 


5V±10% 


660 
660 
550 


5.5 


28 


0.3 (P) 
0.3 (J) 




288K Bit 


TC55329P/J-20 
TC55329P/J-25 
TC55329P/J-35 


32,768 X 9 
CMOS 


20 
25 
35 


20 
25 
35 


5V±10% 


660 
660 
550 


5.5 


32 


0.3 (P) 
0.3 (J) 


With CE1 
AndCE2 



Note: Package Material: P-Plastic Dip F-Flat Package (SOP) SP-Slim Plastic Dip 
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C. Non-volatile 



1. Standard EPROM 



Capacity 


Part Number 


Organization 
& Process 


Access 
Time 
Max 
(ns) 


Cycle 
Time 
Min 
(ns) 


Power 

Supply 

(V) 


Temperature 
Range (C) 


Power Dissipation 
Max (mW) 


Pins 


Program- 
ming 
Algorithm 


Active 


Standby 


256K 


TMM27256BD-15 
TMM27256BD-20 


32,768 X 8 
NMOS 


150 
200 


150 
200 


5V±5% 


0-70 


525 


158 


28 


I or II 


TMM27256BDI-15 
TMM27256BDI-20 


150 
200 


150 
200 


-40 - 85 


630 


184 


TC57256AD-12 
TC57256AD-15 
TC57256AD-20 


32,768 X 8 
CMOS 


120 
150 
200 


120 
150 
200 


0-70 


158 


0.525 


512KBit 


TMM27512AD-17 
TMM27512AD-20 
TMM27512AD-25 


65,536 X 8 
NMOS 


170 
200 
250 


170 
200 
250 


5V±5% 


0-70 


630 
630 
630 


184 
184 
184 


28 


I or II 


TMM27512AD-200 
TMM27512AD-250 


200 
250 


200 
250 


5V±10% 


0-70 


715 
715 


220 
220 


28 


I or II 


TMM27512ADI-20 
TMM27512ADI-25 


200 
250 


200 
250 


5V±5% 


-40 - 85 


683 
683 


210 
210 


28 


lord 


TC57512AD-15 
TC57512AD-20 


65,536 X 8 
CMOS 


150 
200 


150 
200 


5V±5% 


0-70 


158 
158 


0.525 


28 


I or II 


1MBit 


TC571000D-15 
TC571000D-20 
TC571000D-25 


131,072X8 
CMOS 


150 
200 
250 


150 
200 
250 


5V±5% 


0-70 
-40 - 85 
-40 - 85 


158 
158 
158 


0.525 
0.525 
0.525 


32 


II 


TC571000D-200 


200 


200 


5V±10% 


0-70 


165 


0.55 


32 


II 


TC571001D-15 
TC571001D-20 
TC571001D-25 


131,072X8 
CMOS 


150 
200 
250 


150 
200 
250 


5V±5% 


0-70 
-40 - 85 
-40 - 85 


158 
158 
158 


0.525 
0.525 
0.525 


32 


II 


TC571001D-200 


200 


200 


5V±10% 


0-70 


165 


0.55 


32 


II 


TC571024D-15 
TC571024D-20 
TC571024D-25 


65,536X16 
CMOS 


150 
200 
250 


150 
200 
250 


5V±5% 


0-70 
-40-85 
-40 - 85 


158 
158 
158 


0.525 
0.525 
0.525 


40 


II 


TC571024D-200 


200 


200 


5V±10% 


-40 - 85 


220 


0.55 


40 


II 
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TOSHIBA 



2. High Speed Eprom 



Capacity 


Part Number 


Organization 
& Process 


Access 

Time 
Max 
(ns) 


Cycle 
Time 
Min 
(ns) 


Power 
Supply 


Temperature 
Range (C) 


Power Dissipation 
Max (mW) 


Pins 


Program- 
ming 
Algorithm 


Active 


Standby 


256K Bit 


TC57H256D-70 
TC57H256D-85 


32,768 X 8 
CMOS 


70 
85 


70 
85 


5V±5% 
5V±10% 


0-70 


210 
220 


0.525 
0.55 


28 


I or II 


1M Bit 


TC57H1024D-85 
TC57H1024D-10 
TC57H1024D-100 


65,536 X 16 
CMOS 


85 
100 
100 


85 

100 
100 


5V±5% 
5V±5% 
5V±10% 


0-70 


210 
210 
275 


0.525 
0.525 
0.55 


40 


II 



3. Flash EEPROM 



Capacity 


Part Number 


Organization 


2 ® x - — 


Cycle 
Time 
Min 
(ns) 


Power 
Supply 


Temperature 
Range (C) 


Power Dissipation 
Max (mW) 


Pins 


Program- 
ming & 
Erase 

Voltage 


Active 


Standby 


256K Bit 


TC58257AP-17LV 
TC58257AP-20LV 
TC58257AP-25LV 


65,536 X 8 


170 
200 
250 


170 
200 
250 


5V±10% 


0-70 


165 


0.55 


28 


12.0V 
±0.5 



4. One Time PROM 



Capacity 


Type No. 


Organ- 
ization 
& Process 


Access 
Time 
Max 
(ns) 


Cycle 
Time 
Min 
(ns) 


Power 

Supply 

(V) 


Temper- 
ature 
Range (C) 


Power Dissipation 
Max (mW) 


Pins 


Program- 
ming 
Algothrim 


Active 


Standby 


256K Bit 


TMM24256BP/BF-17 
TMM24256BP/BF-20 


32,768 X 8 
NMOS 


170 
200 


170 
200 


5V±5% 


0-70 


525 


158 


28 


I or II 


TC54256AP/AF-150 


32,768 X 8 
CMOS 


150 


150 


5V±10% 


-40 - 85 


165 


.55 


512KBit 


TMM24512AP/AF-20 
TMM24512AP/AF-25 


65,536 X 8 
NMOS 


200 
250 


200 
250 


5V±5% 


0-70 


630 


184 


28 


I or II 


TC54512AP/AF-17 
TC5451 2AP/AF-20 


65,536 X 8 
CMOS 


170 
200 


170 
200 


-40 - 85 


158 


0.525 


1M Bit 


TC541000P/F-20 
TC541000P/F-25 


131,072X8 
CMOS 


200 
250 


200 
250 


5V±5% 


-40 - 85 


158 


0.525 


32 


II 


TC541001P/F-20 
TC541001P/F-25 


200 
250 


200 
250 


TC541024P-20 
TC541024P-25 


65,536 X 16 
CMOS 


200 
250 


200 
250 


40 



5. Mask ROM 



Capacity 


Type No. 


Organization 


Access 
Time 
Max 
(ns) 


Cycle 
Time 
Min 
(ns) 


Process 


Power Dissipation 
Max (mW) 


Pins 


Active 


Standby 


1MBit 


TC531000CP/CF-12 
TC531000CP/CF-15 


131,072X8 


120 
150 


120 
150 


CMOS 


220 
193 


0.11 


28 


TC531001CP 


150 


150 


193 


TC531024P-12 
TC531024P-15 


65,536X16 


120 
150 


120 
150 


220 
193 


0.11 
0.11 


40 
40 


4MBit 


TC534000P 


524,288 X 8 


250 


250 


CMOS 


220 


0.11 


32 



Note: Package Type: RPIastic Dip F: Flat Package (SOP) 
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TOSHIBA 



1. 1 Mx1 CMOS Dynamic RAM 



Organization 


1 MBX {Fast page mode) 


1MBX1 (Nibble mode) 


1MBX1 (Static Column Mode) 


SUPPLIER 


PART# 


PART* 


PART# 


TOSHIBA 


TC511000 


TC511001 


TC511002 


FUJITSU 


MB81C1000 


MB81C1001 


MB81C1002 


HITACHI 


HM511000 


HM511001 


HM511002 


MITSUBISHI 


M5M4C1000 


M5M4C1001 


M5M4C1002 


NEC 


M PD421000 


jkPD421001 


/x PD421002 


Tl 


TMS4C1024 


TMS4C1025 


TMS4C1027 


NMB 


AAA1M100 


AAA1M101 


AAA1M102 


SAMSUNG 


KM41C1000 


KM41C1001 


KM41C1002 


OKI 


MSM5 11000 


MSM511001 


MSM511002 


MOTOROLA 


MCM511000 


MCM511001 


MCM511002 


MICRON 


MT4C1024 






SIEMENS 


HYB511000 




HYB511002 


VITELIC 


V51C1000 






HYUNDAI 


HY51C100 







2. 256KX4 CMOS Dynamic RAM 



Organization 


256KX4 (Fast page mode) 


256KX4 (Static column mode) 


256 KX4 (Fast page, WPB) 


256KX4 (Static column, WPB) 


SUPPLIER 


PART# 


PART# 


PART # 


PART* 


TOSHIBA 


TC5 14256 


TC5 14258 


TC514266A 


TC514268A 


FUJITSU 


MB81C4256 


_ 






HITACHI 


HM514256 


HM514258 






MITSUBISHI 


M5M44C256 


M5M44C258 






NEC 


fi PD424256 


/x PD424258 






Tl 


TMS44C256 


TMS44C257 






SHARP 


LH64256 


LH64258 






NMB 


AAA1M104 


AAA1M105 






OKI 


MSM514256 


MSM514258 






MOTOROLA 


MCM514256 


MCM514258 






MICRON 


MT4C4256 









3. 256KX4 CMOS Video RAM 



Organization 


256KX4 (w/O Raster) 


256 KX4 (w/Raster) 


256 KX4 (Field Memory) 


SUPPLIER 


PART* 


PART * 


PART* 


TOSHIBA 


TC524256 


TC524257 


TC521000 


FUJITSU 


MB81C4251 


MB81 C4252 




MITSUBISHI 


M5M442256 






HITACHI 


HM534251 


HM534252 




Tl 


TMS44C251 






NEC 


H PD42274 
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TOSHIBA 



4. DRAM Hybrid Module 



Organization 


1MX8 


1MX8 (Low Profile) 


1MX9 


1 MX9 (Common I/O) 


TOSHIBA 


THM81000A 


THM81020A 


THM91000A 


THM91010A 


HITACHI 


HB56A18 




HB56A19 




MITSUBISHI 


MH1M08 




MH1M09J 




OKI 


MSC2311Y8/K58 




MSC2310Y59/K59 




MICRON 


MT8C8024 




MT8C9024 




NEC 


MC421000A8 




MC421000A9 




Tl 


TM024GAD8 




TM024GAD9 





Organization 


1 MX9 (Low Profile) 


256KX36 


512KX36 


TOSHIBA 


THM91020A 


THM362500A 


THM365120A 



S. Standard CMOS Static RAM 



Organization 


8KX8 


32KX8 | 128KX8 


Package Width 


0.6 inch/0.45 inch/0.3 inch 


0.6 inch/0.45 inch 


TOSHIBA 


TC5565APL/AFL 


TC5568APL 


TC55257AP/AF 


TC55256PL/FL 


TC551001P/F 


FUJITSU 


MB8464 




MB84256 






HITACHI 


HM6264 


HM6264ASP 


HM6256 




HM658128 


MITSUBISHI 


M5M5165 




M5M5256 




M5M51000 


NEC 


uPD4364C 


u PD4364CX 


uPD43256 


uPD44256 




OKI 


MSM5165 










IDT 


IDT7164 










VITELIC 












SAMSUNG 


KM6264 










SMOS 


SRM2264 




SRM20256 






GE/RCA 


CDM6264 










MOTOROLA 


MCM6064 




MCM60256 






THOMSON 


MK48Z08 










I NOVA 










S128K8 
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TOSHIBA 



6. CMOS Pseudo Static RAM 



Organization 


32KX8 


128KX8 


Package Width 


0.6 inch/0.3 inch/0.45 inch 


0.6 inch/0.3 inch/0.45 inch 


0.6 inch/0.3 inch/0.45 inch 


TOSHIBA 


TC51 832P/PL/SP/SPL/F/FL 


TC51 81 28AP/APL/ASP/ASPL/AF/AFL 


TC518129AP/APUASP/ASPL/AF/AFL 


HITACHI 


HM65256 




HM658128 


NEC 


li PD42832 


/iPD428128 




SHARP 


LH62258 







7. High-Speed Static RAM - Common I/O (I) 



Organization 


2KX8 


8KX8 | 8Kx9 | 64K X 1 | 16K X 4 (W/O OE) | 16KX4(w/OE) 


Type 


NMOS 


CMOS 


Package Width 


0.3 inch 


TOSHIBA 


TMM2018AP 


TCC5588 


TCC5589 


TC5561/2 


TC5541 6 


TC55417 


FUJITSU 




MB81C78 


MB81C79 


MB81C71A 


MB81C74 


MB81C75 


HITACHI 








HM6287 


HM6288 




CYPRESS 




CY7C185 


CY7C186 


CY7C187 


CY7C164 


CY7C166 


MITSUBISHI 




M5M5178 


M5M5179 


M5M5187 


M5M5188 


M5M5189 


MOTOROLA 


MCM2016H/18 


MCM6264 




MCM6287 


MCM6288/9 


MCM6290 


INMOS 




I MS 1630 




IMS1 600/1 


IMS1620 


IMS1624 


IDT 




IDT7164 




IDT7187 


IDT7188 


IDT7198 


NEC 








M PD4361 


ti PD4362 


fi PD4363 


OKI 










MSM5188US 




SARATOGA 




SSM7164 


SSM7169 


SSM7187 


SSM7188 


SSM7166 


PERFORMANCE 




P4C164 




P4C187 


P4C188 


P4C198 


AMD 


AM9128 


AM99C88H 










VTI 




VT20C98 


VT8K9 




VT62KS4 


VT63KS4 


THOMSON 




MK48H65 




MKB41H87 






HYUNDAI 




HY62C64 




HY62C88 






GOLDSTAR 








GM76C64 


GM76C164 




MICRON 




MT5C6408 




MT5C6401 


MT5C6404 


MT5C6405 
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8. High-Speed Static RAM - Common I/O (II) 



TOSHIBA 



Organization 


64KX4(W/OOE) | 64K X 4 (W/OE) | 32KX8 | 32KX9 


TYPE 


CMOS 


Package Width 


0.3 inch 


TOSHIBA 


TC55464 


TC55465 


TC55328 


TC55329 


CYPRESS 


CY7C1 94 


CY7C196 


CY7C199 




MITSUBISHI 


M5M5258 








MOTOROLA 


MCM6208 




MCM6205 




IDT 


IDT71258 




IDT712565 




INMOS 


IMS1820 








MICRON 


MT5C2564 


MT5C2565 


MT5C2568 




FUJITSU 


M881C84 








PERFORMANCE 


P4C1258 








SHARP 


LH52252 




LH52256 


LH559 



TOSHIBA 



9. Standard EPROM/OTP (1) 



Organization 


32K X 8 


64KX8 


EPROM/OTP 


EPROM 


OTP 


EPROM 


OTP 


Process 


NMOS 


CMOS 


NMOS 


CMOS 


NMOS 


CMOS 


NMOS 


CMOS 


TOSHIBA 


TMM27256BD 


TC57256AD 


TMM24256BP/BF 


TC54256BP/BF 


TMM27512AO/OI 


TC57512AD 


TMM24S12AP/AF 


TC54512AP/AP 


AMD 


Am27256 








Am27612 








ATMEL 




AT27C256 








AT27C512 






FUJITSU 


MBM27256 


MBM27C256 








M8M27C512 






G.I. 


27256 


27C256 








27C512 






INTEL 


(27256 


(27C256 


P272S8A 


P27C256 


127512 




P27512 




MITSUBISHI 


M5127256K 


M5M27C256 


M5M27256P 


M5M27C256P 


M5M27512 


M5M27512P 






NEC 


ft PD27256 


M P027C256A 


p. PD27256C 


li PD27C266C 




H PD27C512 






OKI 




MSM27C256 






MSM28512 








HITACHI 


HN272S8G 


HN27C256G 


HN4827256P 




HN27512G 








T.I. 




TMS27C256 




TMS27PC256 




TMS27C51 2 




TMS27PCS12 


NSC 




NMC27C266 








NMC27C612 







10. Standard EPROM/OTP (II) 



Organization 


128KX8 


64KX16 


EPROM/OTP 


EPROM | OTP 


EPROM 


Process 


CMOS 


CMOS 


TOSHIBA 


TC57 10000 


TC571001D 


TC541000P 


TC541001P 


TC571024D 


FUJITSU 


MBM27C1000 


MBM27C1001 






MBM27C1028 


HITACHI 


HN27C101 


HN27C301 








INTEL 


27010 








27210 


MITSUBISHI 


M5M27C100 


M5M27C101 






M5M27C102 


NEC 


uPD27C1000 


uPD27C1001 






uPD27C1024 


OKI 


MSM271000 










NSC 


NMC27C1023 








NMC27C1024 


T.I. 


TMS27C010 








TMS27C210 


ATMEL 


AT27C010 








AT27C1024 


AMD 










Am27C1024 
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TOSHIBA 



11. High-Speed CMOS EPROM 



Organization 


32KX8 


64KX 16 


Supplier 


Part# 


Part # 


TOSHIBA 


TC57H256D 


TC57H1024D 


ATMEL 


AT27H256 


AT27C1024 


G.I. 


27HC266 




HITACHI 


HN27C256H 




WAFERSCALE 


WS57C256 


WS57C210F 



12. Flash Electrically - Erasable (CMOS) PROM 



Organization 


32KX8 


Supplier 


Part # 


TOSHIBA 


TC58257AP/AF 


INTEL 


28F256 



13. CMOS MROM 



Organization 


128KX8 


512KXS 




TOSHIBA 


TC531000AP/AF 


TC531001AP/AF 


TC534000P 


Tl 


TMS47C1024 






FUJITSU 


MB831t24 






HITACHI 


HN62301 






MOTOROLA 








MITSUBISHI 


M5M23C100 




M5M23C400 


NEC 


WPD23C1000 


WPD23C1001 


uPD23C4001 


OKI 


MSM531000 






Gl 


RO9100XD 
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TOSHIBA 



MEMORY SELECTION GUIDE (1 ) - ACCESS TIME VS. CAPACITY 









TC58257A-25LV 




TMM27512A-25 
TMM24512A-25 


Tr,57 1000/ 1-25 

TC571024-25 
TC54 1000/ 1-25 


TC534000 








TC58257A- 17/20 

TC57256A-20 
TMM27256B-20 
TC57256A-20 
TMM24256B- 17/20 




TMM27512A-20 
TMM24512A-20 
TC57512A-20 


TC57 1000/1 -20 
TC571024-20 
TC541 000/1 -20/200 






TC5563A-12/15 
TC5565A-12/15 




TC55257A 12 

TC55256-12/15 

TC51832-12 

TMM27256B-15 

TC57256A-12/15 

TC55256-12 

TC54256A-15 




TMM27512AV-15 
TC57512A-15 


TC54256-12 

TC524257-12 

TC518128-12 

TC518129-12 

TC571000/1-15 

TC53 1000/1 A 

TC571024-15 






TC5563A-10 
TC5565A-10 
TC556 1-55/70 




TC55257A-85/10 
TC57H256-70/85 
TC55257B-70/85 
TC55256-10 
TC5 1832-85/10 






TC5 11000-70/80/10 
TC5 11001-70/80/10 
TC5 11002-70/80/10 
TC5 14256-70/80/10 
TC51 4266-70/80/ 10 
TC514258-70/80/10 
TC5 14268-70/80/10 
TC524256-10 
TC524257-10 

TC55 100 1-70/80/10 

TC5 181 28-80/10 
TC518129-80/10 
TC57H1024-85/10/100 


TC514100-80/10 
TC514101-80/10 

TC514102-80/10 
TC51 4400-80/10 
TC5 14402-80/10 
TC5 144 10-80/ 10 


TMM2018A-25/35 


TC588- 15/20/25 
TC5561-45 
TC5562-35/45 
TC554 16- 15/20/25/35 
TC5541 7-1 5/20/25/35 


TC5589 15/20/25 


TC55464-20/25/35 
TC55465-20/25/35 
TC55328-20/25/35 


TC55329-20/25/35 




TC521000 
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TOSHIBA 



MEMORY SELECTION GUIDE (2) - TYPE OF MEMORY VS. CAPACITY 



Memory 


Type 


Memory Capacity 


16KBit 


64K Bit 


72K Bit 


256K Bit 


288K Bit 


512KBit 


1 M Bit 


4M Bit 


RAM 


CMOS Dynamic RAM 

NMOS Static Ram 
CMOS Static RAM 














TC51 tOOOAP/AJ/AZ 

TC511001AP/AJ/A2 

TC511002AP/AJ/AZ 

TC514256AP/AJ/AZ 

TC514266AP/AJ/A2 

TC514258AP/AJ/AZ 

TC614268AP/AJ/AZ 

TC524256P/J/Z 

TC524257P/J/Z 

TC521000P/J 


TC51410OJ/Z 
TC514101J/Z 
TC514102J/Z 
TC514400J/Z 
TC514402J/Z 
TC514410J/Z 


TMM2018AP 


















TC5563APL 

TC5565APL/AFL 

TC5561P/J 

TC6562P/J 

TC55418P 

TC55417P/J 

TC5588P/J 


TC5589P/J 


TC55257AP/AF 

TC55257BP/BF/BSP 

TC55256P/F 

TC51832P/SP/F 

TC51832PL/SPL/FL 

TC55464P/J 

TC55465P/J 

TC55328P/J 


TC55329P/J 




TC518128AP/AF 
TC518129AP/AF 
TC551001PL/FL 




ROM 


NMOS EPROM 
CMOS FEEPROM 

CMOS EPROM 

CMOS Mask ROM 
NMOS OTP 
CMOS OTP 








TMM27256BD/BDI 




TMM27512AD/ADI 












TC58257AP/AF 
















TC57256AD 
TC57H256D 




TC57512AD 


TC571000/1D 
TC571024D 
TC57H1024D 
















TC531000/1CP/CF 


TC534000P 








TMM24258BP/BF 




TMM24512AP/AF 












TC54256AP/AF 






TCS41000/1-P 





TOSHIBA 



MEMORY SELECTION GUIDE (3) - WORD BY BIT 



Word Bit 


1 


4 


8 


9 


16 


2K 






TMM2018AP 






8K 






TC5563APL 

TC5565APL/AFL 

TC5588P/J 


TC5589P/J 




16K 




TC55416P 
TC55417P/J 








32K 






TC55256P/F TMM27256BD/BDI 
TC55257AP/AFL TC57256AD 
TC55257BP/BF/BSP TC57H256D 
TC51832P/SP/F TC58257AP/AF 
TC54256AP/AF 
TMM24256BP/BF 






64K 


TC5661P/J 
TC5562P/J 




TMM24512AP/AF TC57512AD 
TMM27512AD/ADI 




TC571024D 

TC57H1024D 

TC531024D 


128K 






TC518128AP/AF 

TC518129AP/AF 

TC551001P 

TC571 000/1 D 

TC541000/1P 

TC571024D 

TC531000CP/CF 

TC531001CP 






256K 




TC514256AP/AJ/AZ 

TC514258AP/AJ/AZ 

TC514266AP/AJ/AZ 

TC515268AP/AJ/AZ 

TC524256P/J/Z 

TC524257P/J/Z 

TC521000P 








512K 






TC534000P 






1M 


TC511000AP/AJ/AZ 
TC511001AP/AJ/AZ 
TC511002AP/AJ/AZ 


TC514400J/Z 
TC514402J/Z 
TC514410J/Z 








4M 


TC514100J/Z 
TC514101J/Z 
TC514102J/Z 











MEMORY SELECTION GUIDE (4) - HIGH DENSITY PACKAGE 



Package 


SOJ 


ZIP 


SOG 


Pin 


24 


26/20 


28 


32 


16 


20/19 


28 


28 


32 


Dynamic 
RAM 


1M 




TC511000AJ 
TC511001AJ 
TC511002AJ 
TC514256AJ 
TC514258AJ 
TC514266AJ 
TC514268AJ 








TC511000AZ 
TC611001AZ 
TC511002AZ 
TC514256AZ 
TC514258AZ 
TC514266AZ 
TC514268AZ 










4M 




TC514100J 
TC514101J 
TC514102J 
TC514400J 
TC514402J 
TC514410J 








TC514100Z 
TC514101Z 
TC514102Z 
TC514400Z 
TC514402Z 
TC514410Z 








Static 
RAM 


64K 


TC5561J 
TC5562J 
TC5417J 




TC5588J 










TC5565AFL 




72K 






TC5589J 














256K 


TC5464J 




TC55465J 
TC65328J 


TC55329J 








TC5256FL 
TC55257AFL 




1M 
(SRAM) 


















TC518128FL 
TC551001F 


Mask 


1M 
















TC531000AF 




OTP 


256K 
















TMM24256AF/BF 
TC54256AF 




51 2K 
















TMM24512F/AF 




VRAM 


1M 








TC524256J 
TC524267J 






TC524256Z 
TC624257Z 
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TOSHIBA 



TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 28/32 PIN DEVICES 
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TOSHIBA 



TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES 
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TOSHIBA MOS MEMORY PRODUCTS 

TC51 1 000AP/AJ/AZ-70, TC51 1 000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

DESCRIPTION 

The TC511000AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511000AP/AJ/AZ utilizes TOSHIBA 1 s CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511000AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SO J and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per- 
formance logic families such as Schottky TTL. 



FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 





TC512000 Ap/A J/AZ - 7 0/6 0/1 


t RAC RAS Access Time 


70ns 


80ns | 100ns 


Column Address 
AA Access Time 


35ns 


40ns 


50ns 


tCAC CAS Access Time 


20ns 


20ns 


25ns 


tRC Cycle Time 


130ns 


150ns 


180ns 


f Fast Page Mode 
pc Cycle Time 


4 0ns 


45ns 


55ns 



Single power supply of 5V±10% with a built- 
in V BB generator 



PIN CONNECTIO: 
Plastic DIP 



Plastic 




tic ZIP 



sti 



PIN NAMES 



A0 ^ A9 


Address Inputs 


RAS 


Row Address Strobe 


din 


Data In 


D 0UT 


Data Out 


CAS 


Column Address Strobe 


WRITE 


Read /Write Input 


vcc 


Power (+5V) 


vss 


Ground 


TF 


Test Function 


N.C. 


No Connection 



CAS 

vss 

"WRIT 
TF 

Al 

A3 



Low Power 
440mW MAX. Operating(TC511000AP/AJ/AZ-70) 
385mW MAX. Operating(TC511000AP/AJ/AZ-80) 
230mW MAX. Operating (TC511000AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows 
two-dimensional chip selection 

Common 1/0 capability using "EARLY WRITE" 
operation 

Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

All inputs and output TTL compatible 

512 refresh cycles/8ms 

Package Plastic DIP: TC511000AP 
Plastic SOJ: TC511000AJ 
Plastic ZIP: TC511000AZ 



BLOCK DIAGRAM 

VRITE o 1 

CAS" O — i — <L_/~ 



A0 < 
Al < 
A2 < 



A5 < 

A6 < 



AS i 

AS < 



NO. 2 CLOCK 
GENERATOR 



n 



COLUMN 
ADDRESS 
BUFFERS ( 10 ) 



REFRESH 
CONTROLLER 



DATA Bi 

BUFFER 



LATA OUT 
BUFFER 



DOUT 



EEFHSSH 
COUNTSR(P) 



JUL 



^ 



ROW 

ADDRESS 
BUFFERS (10) 



E> 



m 



- JL =0 



COUM»' 
DECODER 



SENSE AMP. 
1/0 GATINC- 



NO.l CLOCK 
GENERATOR 






MEMORY 

ARRAY 



SUBSTRATE BIAS 
GENERATOR 



>v C c 

> vss 
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TC51 1 000AP/AJ/AZ-70, TC51 1 0MAP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



ABSOLUTE MAXIMUM RATIN&S 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1% 7 


V 


1 


Test Function Input Voltage 


VlN(TF) 


-1^10.5 


V 


1 


Output Voltage 


VOUT 


-1^ 7 


V 


1 


Power Supply Voltage 


vcc 


-H7 


V 


1 


Operating Temperature 


TOPR 


0% 70 


c c 


1 


Storage Temperature 


TSTG 


-55^ 150 


°c 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


C C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


x OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 


V IH(TF) 


Test Enable Input High Voltage 


VCC+A . 5 


- 


10.5 


V 


2 


V IL(TF) 


Test Disable Input Low Voltage 


-1.0 


- 


Vcc+1 . o 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0-W0° 


C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) 


1C511000AP/AJ/A2-70 


- 


80 


mA 


3,4 


TC511000AE/ATXAZ-80 


- 


70 


TC511000XB/AJ/AZ-10 


- 


60 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VlH) 


- 


2 


mA 




I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : tR C =t RC MIN.) 


TC51 1000AB/AJ/AZ-70 


- 


80 


mA 


3 


TC511000AB/AX/AZ-80 


- 


70 


TC51M00AB/AJ/A2-10 


- 


60 


I CC4 


FAST PAGE MODE CURRENT 

Average Po*?er Supply Current, Fast Page Mode 

(RAS=V IL , CAS, Address Cycling: tpc=tpc MIN.") 


TC51 100QAB/AJ/AZ-70 


- 


60 


mA 


3,4 


TC51 1000AE/AJ/AZ-80 


- 


50 


TC511000AB^AJ/AZ -10 


- 


40 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0.2V) 


- 


1 


mA 




ICC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t RC =t RC MIN". ) 


TC511000AB/AJ/AZ-70 


- 


80 


mA 


3 


1C51 1000A5/AJ/AZ -80 


- 


70 


1C511000AB/AT/AZ-10 


- 


60 


^(L) 


INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0V 1 Vj N £ 6.5V, All Other 

Pins Not Under Test=0V) 


-10 


10 


PA 




IlTF(L) 


INPUT LEAKAGE CURRENT (only TF) 

(QV£ Yin(TF) = VCC+0.5V, All Other Pins Not Under Test=0V) 


-10 


10 


PA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, 0V ^ VoUT ^ 5.5V) 


-10 


10 


PA 




I TF 


TEST FUNCTION INPUT CURRENT 
(V CC +4.5V£ V IN (TF) £ 10.5V) 


- 


1 


mA 




VOH 


OUTPUT LEVEL 

Output M H" Level Voltage (IoUT == -5mA) 


2.4 


- 


V 




Vol 


OUTPUT LEVEL 

Output "L M Level Voltage ( IquT^ . 2mA) 


- 


0.4 


V 
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TC51 1 OOOAP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0-WO°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511000AP/ 
AJ/AZ-70 


TC511000AP/ 
AJ/AZ-80 


TC511000AP/ 
AJ/AZ-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


180 


- 


ns 




t RWC 


Read-Write Cycle Time 


155 


- 


175 


- 


210 


- 


ns 




t PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tpRWC 


Fast Page Mode Read-Write Cycle 
Time 


65 


- 


70 


- 


85 


- 


ns 




tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


t AA 


Access Time from Column Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


t CPA 


Access Time from CAS Precharge 


- 


35 


- 


40 


- 


50 


ns 


8 


t CLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


tOFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


t RP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




t RAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tRASP 


RAS" Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




t RSH 


RAS" Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




t CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


tRAD 


RAS to Column Address Delay 
Time 


15 


35 


15 


40 


20 


50 


ns 


14 


tCRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




11 CP 


CAS Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


10 


- 


ns 




t ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




t RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t RAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




t RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 
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TC51 1000AP/AJ/AZ-70, TC51 1 000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC511000AP/ 

AJ/AZ-70 


TC511000AP/ 
AJ/AZ-80 


TC511000AP/ 
AJ/AZ-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t WP 


Write Command Pulse Width 


15 


~ 


15 


- 


20 


- 


ns 




t RWL 


Write Command to RAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




t CWL 


Write Command to CAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




C DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


t DH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced to 

RAS 


55 


- 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




l VICS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


t CWD 




20 


- 


20 


~ 


25 


- 


ns 


12 


CAS to WRITE Delay Time 


t RWD 




70 


- 


80 


- 


100 


- 


ns 


12 


RAS to WRITE Delay Time 


t AWD 


Column Address to WRITE Delay 
Time 


35 


- 


40 


- 


50 


- 


ns 


12 


t CSR 


CAS Set-Up Time 

(CAS" before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




t RPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




tCPT 


CAS Precharge Time (CAS be- 
fore RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




t CPN 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 




t TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




t TEHR 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- 





- 


ns 




t TEHC 


Test Mode Enable Hold Time 
referenced to CAS 





- 





- 





- 


ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A9, Din) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CS, WRITE, 


TF) 


- 


7 


c 


Output Capacitance (Dqut) 


- 


7 
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TC51 1 0OOAP/AJ/AZ-70, TC51 10O0AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 * I CC1» I CC3> I CC4> T CC6 de P end on cycle rate. 

4* *CC1» *CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device ope rat ion is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^= s 5ns. 

7. Vj^(min.) and Vj^(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj_h and Vtl* 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. t0pp(max.) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 



10. 



Either t^c^ or tRRH must be satisfied for a read cycle. 



11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tvJCS» tRWD* t CWD and t AWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tyc$ = tWCS 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) throughout the entire cycle; If tRUD^tRWDCinin.) > 

t C\\D - t C\\T)( m i n * ) and tAWD - tAUr[)(min. ) > the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCD( max *) limit insures that tRAc( max *) can be met. 
tRci)(max.) is specified as a reference point only: If t^cE) i s greater than the 
specified tRCD( max «) limit, then access time is controlled by t^AC* 

14. Operation within the t RAD (max.) limit insures that tRAc( max *) can be met. 
t RAD (max.) is specified as a reference point only: If tj^D is greater than the 
specified tj^^Cmax.) limit, then access time is controlled by t^. 
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TC51 1MOAP/AJ/AZ-70, TC5110MAP/AJ/AZ-80 
TC511000AP/AJ/AM0 



TIMING WAVEFORMS 
READ CYCLE 



"IH 



:rp 



'il 



t ASR L 



A0-A9 



'IL 



WRITE 



~ V IH 



^OUT 



v L — 



L RAS 



X CSH 



L AR 



t RAD 



_ t RAH 



^CAH 



M L " - ^ 



:.- Z W///////////////0 



tCAC 



l GLZ 



^AS ^ _ / l c 



r CRP 



V 



& 



t RCH 



r m 



VALID DATA 



> 



//g: "H" or "L" 



NOTE: "TF" pin should be connected to VjlCTF) level or open, if 
"Test Mode" is not used. 



A-8 - 



TCS1 lflftOAP/AJ/AZ-Ti, 1651 IflWMP/AJ/AZ-M 
TC511W0AP/AJ/AZ-10 



WRITE CYCLE (EARLY WRITE) 



V IL 



It 



t CHP| 



"IL 



J IH — 



t ASR I 



U RAD 



l^ASC 



\t± 




'RAL 



ROW 



V 



IH 



™" s VlL -. V//////////7/7////7 



Sk 



L WCH 



^ 



^IN 



::: : «%S;;a ^Tii 



t RWL 



t DKR 



7 



H 



VOK ~ 



u OUT 



v OL 



TJJ]\ : "H" or "L" 



NOTE: "TF" pin should be connected to VjlCTF) level or open, if 
"Test Mode" is not used. 
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TC511OQOAP/AJ/AZ-70, TC51 1000AP/AJ/AZ*80 
TC511000AP/AJ/AZ-10 



READ-WRITE CYCLE 



V IH 



L CRPi 



CAS 



V IH 



SAP 



: RAHl t ASC 



V IH — 7 



V IL 



J ROW 



^CSK 



U RAL 



^CAH 



i COLUMN 



WRI TE * // 



¥ 



'AWD . I 



- :;: ~w//////////////////m. 



L RAC 



^OUT 



t WP 



% 



C DH 



VALID DATA 



U CAC 




C RP 



X 



1 



tOFF 



'////////////. 



WZMMMM 



VALID DATA 



> 



"H" or "L 



NOTE: "TF" pin should be connected to Vil(TF) level or open, if 
"Test Mode 11 is not used. 
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TC51 1 0OOAP/AJ/AZ-70, TC5HO00AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



FAST PAGE MODE READ CYCLE 



RAS 



V IH 



^SH 



^RCD 



V IH 



^ IL 




"IH 



Kl 



ZMZ 



| ROW 



r CAK 



y-^zf 



Z ECS , 



L RCH 



L CAff U ASC .CAH, 



, |tRCS 

1 r i 



DA TA / 



^CAC 



^alid"K_ 
Data,/ 



_l£P__^} 



\ 



77/////// 



U I 



VALID 
DATA 



!u CL2 



/7Z) : "H" or "L 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC51 1 000AP/AJ/AZ-70, TC51 1 000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



\ 



V IH 



^CD 



r-\ -c ^r\ i t CAS _c 3=^v t CAS r 



*RAH ■ ^SC 



ROW 



C RAD 



WRITE 



^iH-77 



7ft 



- 7-fflMSffl^L 



t ASC 



X DHR 



C RP 



f 



mi^z& 



tWCH 



;^; 



VALID DATA 




M 



VALID DATA 



W 



v OH — 



^OUT 



OPEN 



V 0L — 



: "H" or "L" 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC51 1 0OOAP/AJ/AZ-7O, TC51 1 OOGAP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



FAST PAGE MODE READ-WRITE CYCLE 



RAS 



V IH 



\t 



tCSH 



t RCD 



RAH. X ASC 



j ROW 



"IE 



'IL L 



"IN 



u OUT 



v OK 
V OL 



X RAD 



Rt=±/ 



tcAH ,l 



PRWC 



\ t t CAS ^ i 7" "\ ^CAS 



L ASC 



L CAK, 



)x/X. C0LUMN JjxA/C C0LUMN ^)y/ 



C AWD 



J L. 



X DB 






t wp 



'CXL 






X DH 



fe7 



L RAL 



^CWD t C WL 



U DS| 



^^MMp^Mpi^ 



^CLZ 



r CPA 



VALID 

Data 



^RWL 



X DH 



r CLZ 



r 



'ALID V 
DATA f 



VALID 
DATA 



t OFF 



-1 



M 



a 



"H n or "L" 



a 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC51 10OOAP/AJ/AZ-7O, TC51 1000AP/AJ/AZ-88 
TC5110QOAP/AJ/AZ-1O 



RAS ONLY REFRESH CYCLE 



"IH 



v IL — 



^CRP 



ft 



u ASRl 



A 0~ A8 ^ _ 7 ////%\ K 



Z RC 



^ZMMMMML 



Y 



v OH 



u OUT 



OPEN 



: "H" or "L" 



NOTE: WRITE= M H M or "L" A9="K" or "L" 



"TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TG51 1OWAP/AJ/AZ-70, TC5H0OOAP/AJ/AZ-8O 
TC511000AP/AJ/AZ-10 



CAS BEFORE RAS REFRESH CYCLE 



HAS / \| 



v OH 



u OUT 



"tCPN 



^CSR 

-m »- 



r~\ 



■eras 



^OPF 



> 



OPEN 



'///////////////////////////////, 



"H" or "L M 



NOTE: WRITE="H" or "L", A0^A9="H" or "L" 

"TF" pin should be connected to Vj- L (TF) level or open, if 
"Test Mode" is not used. 
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TG511O0OAP/AJ/AZ-7O, TC511000AP/AJ/AZ-80 
TC511W0AP/AJ/AZ-10 



HIDDEN REFRESH CYCLE (READ) 



'IL 



"IL 



V IL 




C RC 



V 



'RAH X ASC 



"■» -77 



w 



"tRSH 



ZXi 



\ 



"tRRH 



t RAS 



V 



X CHR 



% 



t FF 



VALID DATA 



7JJ] : "H" or "L" 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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f051f 00GAF/fiJ/AZ-7B, TCiHOOMP/W/AZ-80 
TC5nOO0AP/AJ/AM0 



HIDDEN REFRESH CYCLE (WRITE) 



V IL 



V IK 

V IL 



V IK 
v 'lL 



Z AR 



"Cw&TJ I t 



RAH I X ASC 



| ROW 



WRITE 



v IK — - 

V IL — i 

V IH / 

V IL — - 



/// 



L CHR 



Y 



W////////////////////////////M, 



'///////////////////////A 



% — ■»» W/////////////////////////////M 



V 0I 



: "H" or "L" 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC51 1OO0AP/AJ/AZ-7Q, TC51 1000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 




NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC51 1 OOOAP/AJ/AZ-70, TC51 1 OMAP/AJ/AZ-80 
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TEST MODE 

The TC511000AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter- 
nally organized 262,144 words by 4 bits. In "Test Mode", data is written into 
a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon 
reading, all bits are equal (all "H" or "L") , the data output pin indicates a same 
data as all bits. In this case, the data output pin indicates an expected data for 
good parts, the data output pin indicates a complementary data for bad parts. And 
also, if any of the bits differed, the data output pin would indicate a high impedance 
state for bad parts. Fig.l shows the block diagram of TC511000AP/AJ/AZ including its 
truth table when "Test Mode" is used. 
In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 




TF Pin=Super voltage; Test Mode 

TF Pin=ViL(TF) level or High-Z; Normal 



Truth Table in Test Mode Function 



A B C D 


D 0UT 

















1 


1 


1 


1 


1 


Otherwise 


Hi-Z 



Fig. 1 
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TC51 1000AP/AJ/AZ-70, TC51 1000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



"Test Mode" function is performed on any of the timing cycles including fast 
page mode when "TF" pin is held on "super voltage (Vcc + 4 . 5V(Vcc=5V±10%) , max. 
voltage=10.5V)" for the specified period (t TE g, t-TEHR and t TEHC ; see Fig. 2). 
The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vjl(TF) level, or left unconnected on the printed wiring board. 
The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 



V IH 



'IL 



V IH(TF) 

V IL(TF) 




Fig. 2 Test Mode Cycle 
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TC51 1 OOOAP/AJ/AZ-70, TC51 1 0OMP/AJ/AZ-8O 
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OUTLINE DRAWINGS 
* Plastic DIP 



IS 17 16 15 14 13 12 11 10 



R1.0 / [ 



^ <s 3 4 5 6 7 



Unit in mm 





Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 
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TC51 1000AP/AJ/AZ-70, TC51 1 000AP/AJ/AZ-80 

TC511000AP/AJ/AZ-10 



Plastic SOJ 



17.02-17.27 



26 25 24 23 22 



INDEX DOT 

Ll u u u u 

12 3 4 5 



IS 17 16 15 14 

n n n n n. 



Unit in mm 



— »J 


0.9 TYP. 


If 




i 


t 


H 

I 


i 

00 
1 




4= 




CO 

'■6 


CO 
CO 




9 








) 




1 



9 10 11 12 13 



0.6 6 ~ 0.81 




0.41-0,50 




1.27 TYP. 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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Plastic ZIP 



TC511O0OAP/JU/AZ-7O, TCS1 1O0OAP/AJ/AZ-8O 
TC51 1 0OOAP/AJ/AZ-1 



Unit in mm 




2 4 6 8 



12 14 15 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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TC511000AP/AJ/AZ-70, TCSUOOOAP/AJ/AZ- 
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TOSHIBA MOS MEMORY PRODUCTS 



TC51 1 0OOAPL/AJL/AZL-70, TC51 1 OOOAPl/AJl/AZL-80 
TC51 1 0OOAPI7AJ1/AZL-1 



DESCRIPTION 

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 
1,048,576 words by 1 bits. The TC511000APL/AJL/AZL utilizes TOSHIBA'S 
CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC51 1000APL/AJL/AZL 
to be packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ 
and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power 
supply of 5V±10% tolerance, direct interfacing capability with high per- 
formance logic families such as Schottky TTL. 

FEATURES 



• 1,048,576 word by 1 bit organization 

* Fast access time and cycle time 





TC51 1000APL/AJLMZL-70/80/10 


C RAC RAS Access Time 


70ns 


80ns 


100ns 


Column Address 
AA Access Time 


35ns 


40ns 


50ns 


C CAC CA3" Access Time 


20ns 


20ns 


25ns 


C RC Cycle Time 


130ns 


150ns 


180ns 


t Fast Page Mode 
PC Cycle Time 


40ns 


45ns 


55ns 



Single power supply of 5V±10% with a built- 
in Vgg generator 



PIN CONNECTION 
Plastic DIP 



Plastic SOJ 




TVP.ITE [ 2 

FaI[ 3 

T7[ 4 

N.C. [ 5 

A0[ 9 
Al[ ID 
A2[ll 
A3[ ]2 

vccC 13 



26 3 Vss 



25 ] DOT D 0UT 3] 



Plastic ZIP 
AsfJT 



24 ]?a3 

23] N.C. 
Z2]A9 

1£]A8 
1"3a7 
16]A6 
Jf]A5 
J±]A4 



nAS 

N.C. 

A0 

A2 

vcc 

A5 



52 

7.1 



i C*A3 



i& 



A7 ]£j 



L® 



CAS 
'•'SS 



VTRITE 
TF 



A4 



US A6 



A8 



PJH NAMES 



A0 * A9 


Address Inputs 


RA5 


Row Address Strobe 


din 


Data In 


D 0UT 


Data Out 


CaS 


Column Address Strobe 


WRITE 


Read/Write Input 


vcc 


Power (+5V) 


vss 


Ground 


TF 


Test Function 


N.C. 


No Connection 



Low Power 
440mW MAX 
385mW MAX 
330mW MAX 
1 . ImW MAX 



Operating (TC5U000APL/AJL/AZL-70 

Operating (tc511oooapl/ajl/azl-80 
Operating (TC5H000APL/AJL/A2L- io 
Standby 
Output unlatched at cycle end allows 

two-dimensional chip selection 
Common I/O capability using "EARLY WRITE" 

operation 

Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/64ms 
Package Plastic DIP: TC511000APL 
Plastic SOJ: TC511000AJL 
Plastic ZIP: TC511000AZL 

BLOCK DIAGRAM 




A6 < 
A7 i 
A3 < 
A9 < 



T 



NO.l CLOCK t_ 
OEMSATCR 



MEMORY 
ARRAY 



CS.--PAICR f *-Q y ?3 
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TC51 1 OOOAPt/AJL/AZL-70, TC51 1 000API/AJI/AZL-80 
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ABSOLUTE HAXIHUH RATINGS 



ITEM l SYMBOL 1 RATING ! UNITS 1 NOTES 


Input Voltage 


VIN 


-1-7 


V 11 


Test Function Input Voltage 


VIN(TF) 


-1-10.5 


V I 1 


Output Voltage 


VOUT 


-1-7 


V 




Power Supply Voltage 


Vcc 


-1-7 


V 




Operating Temperature 


TOPR 


0-70 


x, 




Storage Temperature 


TSTG 


-55-150 


°c 




Soldering Temperature • Time 


TSOLDER 


260-10 


*C • sec 




Power Dissipation 


PD 


600 


m 


1 


Short Circuit Output Current 


IOUT 


50 


!JlA 





RECOHHENDED DC OPERATING CONDITIONS (Ta=0-70 < C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VIH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VIL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 


VIH(TF) 


Test Enable Input High Voltage 


Vcc+4.5 


- 


10.5 


V 


2 


VIL(TF) | Test Disable Input Low Voltage 


-1.0 


- 


Vcc+1.0 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta-0 -70°C) 












SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS I NOTES 


led 


OPERATING CURRENT 

Average Power Supply Operating Current 

\M, CAS, Address Cycling: tRC-tRCMlN.) 


TC511000APL/AJL/AZL-70 


- 


80 


mA 


3,4 


TC51 1 0OOAPL/AJ L/AZL-80 


- 


70 


TC511000APL/AJL/AZL-10 


- 


60 


Icc2 


STANDBY CURRENT 

Power Supply Standby Current 

(MS=0[S=VIH) 


- 


2 


mA 




Icc3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, KAS Only Mode 

(KAS Cycling, CAS=VIH: tRC=tRCMIN.) 


TC511000APL/AJL/AZL-70 


- 


80 


mA 


3 


TC511000APL/AJL/AZL-80 


- 


70 


TC5 1 1 0OOAPL/AJ L/AZL- 1 


- 


60 


Icc4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(IBB-VIL, USS. Address Cycling: tPC=tPC MIN.) 


TC511000APL/AJL/AZL-70 


- 


60 


mA 


3,4 


TC511000APL/AJL/AZL-80 


- 


50 


TC511000APL/AJL/AZL-10 


- 


40 


Icc5 


STANDBY CURRENT 

Power Supply Standby Current 

(Ra5=CAS=Vcc-0.2V) 


- 


200 


UA 




Icc6 


m BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) 


TC511000APL/AJL/AZL-70 


- 


80 


mA 


3 


TC511000APL/AJL/AZL-80 


- 


70 


TC511000APL/AJL/AZL-10 


- 


60 


Icc7 


BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 

(CA5=CAS Before M Cycling or 0.2V, WRITE=Vcc-0.2V or 0.2V, AO -9= 

VCC-0.2V or 0.2V. DIN=Vcc-0.2V, 0.2V or OPEN: 

tRC- 125jus, tRAS-tRAS MIN.- Ijhs) 


- 


200 


! 

| UA 

; 


3.5 


IKL) 


INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OV^VIN ^ 6.5V, All Other Pins Not 

Under Test=OV) 


-10 


10 


uA 




IITF(L) 


INPUT LEAKAGE CURRENT (only TF) 

(OV ^VIN(TF) gVcc+0.5V, All Other Pins Not Under Test=OV) 


-10 


10 


uA 




1Q(L) 


OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV ^VOUT^ 5.5V) 


-10 


10 | ua ! 


ITF 


TEST FUNCTION INPUT CURRENT 
(VCC+4.5V ^VIN(TF) £ 10.5V) 


- 


1 | mA 




v 'OUTPUT LEVEL 

■ I Output T Level Voltage (I0UT=-5mA) 


2.4 


- 


V 




m ! OUTPUT LEVEL 
LL l Output "L" Level Voltaoe (I0UT«4.2bA) 


j 0.4 1 V j 
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TC51 1 00OAPiyAJI|/AZ^70, TG51 1000APL/AJiyAZL-80 
TC51 1 0OOAPL/AJL/AZL-1 

ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS 

(V CC «5V±10%, Ta-OWO'C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511OO0APL/ 
AJL/AZL-70 


TC511000APL/ 
AJL/AZL-80 


TC511000APL/ 
AJL/AZL-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write, Cycle Tine 


130 


- 


150 


- 


180 


- 


ns 




C RWC 


Read-Write Cycle Time 


155 


^ 


175 


- 


210 


- 


ns 




C PC 


Fast Page Mode Cycle Tine 


40 


- 


45 


- 


55 


- 


ns 




C PRWC 


Fast Page Mode Read-Write Cycle 
Time 


65 


- 


70 


- 


85 


- 


ns 




C RAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


C CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


CAA 


Access Time from Column Address' 


- 


35 


- 


40 


- 


50 


ns 


8,14 


C CPA 


Access Time from CAS Precharge 


- 


35- 


- 


40 


- 


50 


ns 


8 


C CL2 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


^OFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


"EaS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




C RAS 


RAS Pulse Width 


70 


10,000 


30 


10,000 


100 


10,000 


ns j 


tRASP 


RAS" Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns | 


C RSH 


^AS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




C CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




C CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 j ns 




C RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 j ns 


13 


C RAD 


RAS to Column Address Delay 
Time 


15 


35 


15 


40 


20 


50 


ns 


14 


C CRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




C CP 


CAS Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


10 




ns 




C ASR 


Row Address Set-Up Time 





- 





- 


0| - 


ns 




C RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




C ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




C CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C RAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




t RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 



— A-27 - 



TC51 1 0QOAPL/AJL/AZL-70, TC51 1 000APL/AJL/AZL-80 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC511000APL/ 
AJL/AZL-70 


TC511000APL/ 
AJL/AZL-80 


TC511000APL/ 
AJL/AZL-10 


UNITS 


NOTES 


MIN. 


MAX. | MIN. 


MAX. | MIN. 


MAX. 


C RRH 


Read Command Hold Tine 
referenced to RAS 





- 





- 





- 


ns 1 10 
i 


C WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




C WCR 


Write Cocmand Hold Tine 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




C RWL 


Write Command to MS Lead 
Tine 


20 


- 


20 


- 


25 


- 


ns 




C CWL 


Write Command to CaS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




C DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


C DH 


Data Hold Tine 


15 


- 


15 


- 


20 


- 


ns 


11 


t DKR 


Data Hold Time referenced to 
RAS 


55 


- 


60 


- 


75 


- 


ns 




C REF 


Refresh 'Period 


- 


64 


- 


64 


- 


64 


ns 




C WCS 


Write Comnand Set-Up Time 





- 





- 





- 


ns 


12 


C CWD 




20 


- 


20 


- 


25 


- 


ns 


12 


CAS to WRITE Delay Time 


c rwd 


RAS to WRITE Delay Time 


70 


- 


80 


- 


100 


- 


ns 


12 


C AWD 


Column Address to WRITE Delay 

Tine 


35 


- 


40 


- 


50 


- 


ns 


12 


C CSR 


CAS Set-Up Time 

(CAS* before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




C CKR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




C RPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




C CPT 


CAS Precharge Time (CAS be- 
fore RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




C C?N 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 




C TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




C TEHR 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- 





- 


ns 




C TEHC 


Test Mode Enable Hold Time 
referenced to CAS 





- 





- 





- 


ns 





CAPACITANCE (V C c s 5V±10%, f-lMHz, Ta=0%70°C) 



SYMBOL 


| PARAMETER 


MIN. 


MAX, 


UNIT 


cu 


| Input Capacitance (A0^A9, Din) 


- 


5 


P* 


Cl2 


| Input Capacitance (RAS, CS, WRITE, TF) 


- 


7. 


Co 


| Output Capacitance (Dqut) 


- 


7 
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TC^I t OOOAPUA JL/AZL-7Q, TC51 1 OO0API/AJI/AZL-80 
TC5H080APL/AJUAZMO 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3 - kci' I CC3> I CC4» I CC6 de P end on c y cle rate - 

** m ^CC1» *CC4 de P end on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device ope rat ion is achi eved. In case of using internal ref res h 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^^ns. 

7. V-QjCmin.) and Vjj.(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl. • 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max «) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 

10. Either tRCH or C RRH must be satisfied for a read cycle. 

11. Th ese par ameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12* ttfCS» C RWD» c C T .vD and fc AWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tycs * C WCS 
(min.), the cycle is an early wirte cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If t^n i t^r^)(min.) , 
tcwD £ tctfD(min.) and tAWD £ t^WDfain.) , the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCD( max «) limit insures that t|^c( max «) can De met - 
tRCD( nax ») * s specified as a reference point only: If t^c^ is greater than the 
specified t&cD( max ») limit, then access time is controlled by tcAC« 

14. Operation within the t RAD (max.) limit insures that tRAcfaax.) can be net « 
tRAi)(max.) is specified as a reference point only: If tx^D is greater than "the 
specified t RAD (max.) limit, then access time is controlled by t^. 
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TC51 1 0O0APL/AJI/AZL-70, TC51 1 O0OAPL/AJL/AZL-8O 
TC51 1 0OOAPL/A Jl/AZL-1 



TIMING WAVEFORMS 
READ CYCLE 



tz^p 



'IH — 



V 



trjpp , 



^CSH 



r HCD 



C RSH 






\ 



Vt^—J J 



A0-A9 



V IH — 




*CRP 



VTT, , 



'/////////////////////// - 



I I 



"W 



E OL T T 



v OH 

vol — " 



0?2N 



VALID DATA 



> 



2gj: "H" or "L" 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC51 1 0OOAPt/AJl/AZL-70, TC51 1 000API/AJI/AZL-80 

TC511000APL/AJL/AZL-10 



WRITE CYCLE (EARLY WRITE) 



''iL — 



C ?AS 



C C?J?| 



r 



r RCD 



C RSH 



^CSH 



CAS /' 

VlL — / 



-AR | 



C RAD 



VlH — 



'IL 



*'IH — 



tAS R 1 ' ( z RAH , 
:— i !— ■ 



l"ASC I I Z C AH 



^CR? 



TNM 5 *— / 7 



COLUMN 



'//////////////mm/E 



"7TCH 



"/////i/mii/iiiitk 



A lllll//ii/l/l/IIWi,iii, 



c n i 



V IK — ' 



Vtt. 



IL 



MiSiM ™» - WMl/ll//li/lll//l//l////i, 



*DER 



30U? 



'OH 



V 0L 



0?2N 



777] : "H" or "L" 



NOTE: "TF" pin should be connected to VjlCTF) level or open, if 
"Test Mode" is not used. 
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TC51 1000APL/AJL/AZL-70, TC51 1000APL/AJL/AZL-80 
TC51 1 000AP1/AJL/AZL-1 



READ-WRI 


TE CY 

v :h 

V IL 

V IH 

V IL 

V IL 

Vr H 

V 0K 


CLE 

t 

1 










"5.T7C 
















t HAS 


. • *R? 





i 

^cr£ 


trjop 


Has 


^ 


. -J 






r RCD 


t ? .SH 








, Z RTL 






1 I, : 


, 




I 


i » 




"ASR! 




t \ 


W CAS ! 








CAS 




\ \L ! J / 






l«CSH 1 










! t AH l | 


^CTL 






1 t^D » i 1 r ?AL 1 1 








[to 


\H« *A5cl 1 


*CAH i 








A0-A9 


Z'/M '« 


1®4 

r RWD 


[ co«« 10///////////////////////////////, 








! It.» , 


1 






I i 








1 






^CTD ! 






I 


:-i 






V3ITZ 


z'///////m. 


'// V/'/f 




x =ns 


\ 


W////////////7////////, 






1 — 




i 






t ' 


% 






D I3 


ZW/////////7////////////////7//K -» — 


'///////////////////// 








* A A 


"cac 


i 










~c?? 








C ?-AC 


1 








-J/Zv 




^UT 


^^ 


— 0?2N - 




~T 










-CL2 


— i 

^ : "H" or "L" 





NOTE: "TF" pin should be connected to Vil(TF) level or open, if 
"Test Mode" is not used. 
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TG51 1 0OOAPiyA Jiy AZL-70, TG&1 1 0QOAPt/ A^I/AZL-BO 

TC51 lOOOAPl/AJiyAZHO 



FAST PAGE MODE READ CYCLE 




jm : "H" or "L" 



NOTE: "TF" pin should be connected to V^TF) level or open, if 
"Test Mode" is not used. 
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TC51 1 0OOAPL/AJL/AZL-70, TC51 1 O0OAPL/AJI/AZL-8O 
TC511O0OAPL/AJL/AZL-1O 



FAST PAGE MODE WRITE CYCLE (£ARLY WRITE) 



V IH 
V IL 



C RA£P 



C CR?I 



-T 



Z ?C 



*RSH i 



•?.CD 



^CAS , 



CAS 



*IH — 



V IL 






-HAH . ^ASC. 



-HAL 



A0-A9 



"IH 



-7/11 



:o L OMQ 



I f////////////////// 



*?Jtf> 



-7TCR 



! "TCH , 



,*1CSI £7C H ' " 



c ?;ch I 



^T? ! 



i ! 



I ^vM^r-K^^i ! i iii i I//////////////// 



z zz . -rs 






V//////////////fi™^ 



TA ! A///Ai VALID ! 



~EMEEIEMMMMM 



OrSN 



777| : "H" or "L" 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 

"Test Mode" is not used. 
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TC51 tOOOAPL/AJt/AZL-78, TC51 1000APL/AJL/AZL-88 
TC511000APL/AJI/AZH0 



FAST PAGE MODE READ-WRITE CYCLE 




7771 2 "H" or "L" 



MOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC51 1Q00APL/AJL/AZL-70, TC51 1000APL/AJL/AZL-80 
TC511000APL/AJI/AZL-10 



RAS ONLY REFRESH CYCLE 



7 IH — 



SAS 



^J 



^CHP 



"ASRl 



.-« VIH -////) 



r HAH 



-rp 



\ 



**RPC | 



TJ 



V DR — 



Vol — 



OPEN 



VTA : "H" or "L" 



NOTE: WRITE-"H" or f, L ,f A9="H" or "L 



"TF" pin should be connected to Vn,(TF) level or open, if 
"Test Mode" is not used. 
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TCSHOOOAFL/AJL/AZL-70, TGSt 10MAW/AJl/AZt-8O 
TC511000API/AJI/AZH0 « 



-if 



CAT BEFORE RAS REFRESH CYCLE 



V-a 



'IL 



V IH ~ 



'IL — - 



DnriT 



v OL 



Y 



2£_J 



^"*PN .CSH 



rX 



J 



eras 



wHH 



t *R? 



¥ v 



OPEN 



'/, 



^a : "H" or "L 1 



NOTE: WRITE-"H ,t or "L", A0*A9-"H" or "L" 

"TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC51 1000API/AJL/AZL-70, TC5H000APiyAJI/AZL- 
TC511O0OAPI/AJL/AZMO 



HIDDEN REFRESH CYCLE (READ) 









t 


RC 












"rp 






r RAS i 








*AS IH 


fCR? 
1 


; u ^ 


~RAS 


i 


v IL 


s_ 7 


i- 




r RCD 












*CZR I 


CAS 


r ASR| 


t ?AD 1 






> 






C RAL 








1 * 

1 t AR 


ii ' 






pRAH r ASC 




"CAK 






1 


1* I « 






7 IH 
A0-A9 

V IL 


Z'/M - 350H 


: — W///////////////////////////////M 






r ?.cs l 




! 


tpjSU | 






1 








V IL 


I/////////////A 




;CAC | 

*AA 


T WW//W//////////f//////i. 














r RAC 


r" 'j 


*CF? 1 






1 , 1 


"• -n 






Iffl Phf ,;, T-n r JTS 


^ 


__ 


>////\ vALxD DATA 


i 




t C 


»T •» 


1 1 
1 


i 

'//> : "H M or "L" 






i r 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC511 000API/AJI/A2L-70, TC51 1000 API/A JL/AZL-80 
TC511000API/AJL/AZH0 



HIDDEN REFRESH CYCLE (WRITE) 



6 ?.c 



5A3 



V|2 



V IL 



i£HPL 



y \ - y 



^RCD I t RSH 



V IH — ' 



'IL — - 



«A3 



W RAD 



r ASH| t .=AH|*ASC I r SAH _! 

— — ■ ■'-, , ■ > l 



ysiTs 



'IH 
7 IL 



V IL 



-2m 



B.GTT j 



u :n 



y IL — 



COLUMN | 



"RTL 



•VCSI I -TCH 



! l r T? 



'** „ 1 



VALID ZAZk 



c c:-:r 



r 



W////////////////M 



'///////////////// 



7, 



Snn 



'OUT 



v OL 



^ 



"H" or "L" 



NOTE: "TF" pin should be connected to Vjl(TF) level or onen, if 
"Test Mode" is not used. 
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TC5t1000APL/AJl/AZL-70, TC511000AP1/AJI/AZL-80 

TC511000APUAJL/AZL-10 



CAS 3EF0RE RAS REFRESH COUNTER TEST CYCLE 



BAz 



'IH 



V IL — 



'IH — 



W CSR 



"^AS 



-SI?! 



^CER 



^ ^ 



A0-A9 



V IH —/ 



V IL 



READ CYCLE 



*A3C 




^CAS 



^ 



"CAH 



COLUMN 



vol — 



OPEN 



C 3AL 



VALID DATA 



> 



V IH — 



I i 



**** v ~ j////////////////////mr 



WRITE CYCLE 



^u? 



'OL — 



>IH _, 



! x ^rcs i 



0?SN 



*RTL 



''/L 



^TTCH 



s .ii^ ;r J55 



! w» 



/^r 



y//////////////////////. 



=» Z-WMMMMfL 



z m t 



VALID DATA 



y//////////////////m 



READ-WRITE CYCLE 

v CH — 

OUT ~** 

'OL — 



OPEN 



V 



LZi 



"*OF? 



VALID DATA 



> 



C A7TD I 



v" Z ////////////////////////M «« 



| ^CTD 



" N JJ/////////M, 



i "'IN 



vi s r 7/ 



7T? 

I 1 



w/////;/////7/////////////////////f%^^ 

y7] : "E" or "L" j ,'ss] foaj 



NOTE: ,! TF" pin should be connected to Vtl(TF) level or open, if 
"Test Mode" is not used. 
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T6S1 10OOAPL/AJI/AZL"70 r TGS1 f MQAFi/AJL/AZL^ 
TC51IWWAPL/AJI/AZH0 



TEST MODE 



The TC511000APL/AJL/AZL is the RAM organized 1,048,576 words by 
1 bit, it is internally organized 262,144 words by 4 bits. In "Test 
Mode", data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If, upon reading, all bits are 
equal (all "H" or "L" ), the data output pin indicates a same data as 
all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary 
data for bad parts. And also, if any of the bits differed, the data 
output pin would indicate a high impedance state for bad parts. Fig.l 
shows the block diagram of TC51 1000APL/AJL/AZL including its truth 
table when "Test Mode" is used. 

In test mode, 1MDRAM can be tested as if it were 256K DRAM by the 
following method. 

Block Diagram in Test Mode 




IT Pin=Super voltage; Test Mode 

TF Pin=V IL (TF) level or Kigh-Z; Normal 



Truth Table in Test Mode Function 



A 3 C D | D 0UT 

















1 


1 


1 


1 


1 


Otherwise 


Ki-Z 
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TG51 1000APL/AJ1/AZL-70, TC51 1000APL/AJL/AZL-80 
TC511000APL/AJI/AZL-10 

"Test Mode" function is performed on any of the timing cycles including fast 
page code when "TF" pin is held on "super voltage (Vcc + ^.5V(Vcc=5V±10%) , max. 
voltage=10.5V)" for the specified period (t TES , t^^pj^ and t-r E p C ; see Fig. 2). 
The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vxl(TF) level, or left unconnected on the printed wiring board. 
The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 



■'IL ~ 



CAS 

V IH(T?) " 
V IL(T?) — . 



\ 



Y 



J 



» t T2HC(Q ^9) 



(0 na) 



j *T£ER(0 na) 



"~1 

T 



Fig. 2 Test Mode Cycle 
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TG&t 1 0OOAPl/A Ji/AZL-70 r TG51 f OOOACiyAJl/AZL-80 
TC51 1 0OOAPL/AJl/AZL-lO 



OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



33 17 15 15 14 13 12 11 10 



j-yf 



12343.5739 




| ^.5 2±0.2 5 




0~15 a 



Note: Each lead pitch is 2.54mm. 

All pleads are located within 0.25mm of their true longitudinal position 
vd.th respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 
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TC511000APL/AJI/AZL-70, TC511000APL/AJL/AZL-80 
TC51 1 0OOAPL/AJl/AZL-1 



Plastic SOJ 



1"0 2 - 17.2 7 



25 25 24 23 22 

p n r-t n n 



INDEX EOT 



K" 



JUUUU 
12 3 4 5 



13 17 15 15 14 

n nn n n 



u u u u u 

9 10 11 12 13 



Unit in mn 



! I 0.9 TY?. 






! I 0.6 5-0.9 1 




J ! 1.27 n?. 




J^^^TiWiL. 



3.5 - 3.9 



Tx 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TC51 1000AP17AJL/AZL-70, TC5 11 000 API/A JL/AZL-80 
TC511000APL/AJL/AZL-10 



Plastic ZI? 



/ 



2 5.3 MAX. 



<f 



INDEX DOT 















VYVvVVvvv yyvvvvvvvv 

0.5±0JL 1.27 TY?. 



2 4 5 9 12 14 15 13 20 



Unit in mm 



=2L 



• Q25 r 



^£0 7 
-C.05 



1J27 TY?. 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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TC51 1 000APL/AJL/AZL-70, TC51 1 000APL/AJL/AZL-80 
TC51 1 0OOAPL/AJl/AZL-1 
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TOSHIBA MOS MEMORY PRODUCTS 



TC51 1001 AP/AJ/AZ-70, TC51 1001 AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 



DESCRIPTION 

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511001AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511001AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform- 
ance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 



FEATURES 

* 1,048,576 word by_ 1 bit organization 

* Fast access time and cycle time 





rCollOO lA3<AJ/AZ-7{> -so/- 1C 


tRAC RAS Access Time 


70ns 


80ns 


100ns 


t Column Address 
AA Access Time 


35ns 


40ns 


50ns 


tCAC CAS Access Time 


20ns 


20ns 


25ns 


t RC Cycle Time 


130ns 


150ns 


180ns 


Kibble Mode 
C NCAC Access Time 


20ns 


20ns 


20ns 


Kibble Mode 
r NC Cycle Time 


40ns 


40ns 


40ns 



Single power supply of 5V±10% with a 
built-in V'bb generator 



PIN CONNECTION 
Plastic DTP 



(TOP VIEW) 
Plastic SOJ 




BlNrfi 



N.C. 



A0Q9 

Aiqio 

A2Q11 

A3Q12 

Vccdl3 



26p v SS 
25pIOJT 
24 p CAS 
25pN.C. 
22 ] AS 

18QAS 
17DA7 

153A5 
153A5 
14 ] A4 



Plastic ZIP 

CAS 

vss 



PIN NAMES 



A9 


T", 


r — - 


EOUT 


■-T"! 


■ u 2 


pin 


~; 


r"i. 


?AS 


V: 


L.Q 


N.C. 


cp 


Lir 


AO 








p"-* 


\-'<. 


A2 


^ 




v C c 


v."! 


ir.% 


AoriT: 


•J-.^] 


A7 


H 


ha 
l2Q 



A0^A9 


lAddress Inputs 


CAS 


iColumn Address Strobe 


din 


jData In 


DOUT 


jData Out 


RAS 


jRow Address Strobe 


WRITE 


| Read /Write Input 


vcc 


I Power (+5V) 


vss 


(Ground 


TF 


|Test Function 


N.C. 


|No Connection 



Low Power: 
440mW MAX. Operating (TC511001AP/AJ/AZ-70) 
385mW MAX. Operating(TC511001AP/AJ/AZ-80) 
330mW MAX. Operating(TC511001AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 

Common 1/0 capability using "EARLY WRITE" 
operation 

Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Kibble 
Mode and Test Mode capability 

All inputs and output TTL compatible 

512 refresh cycles/8ms 

Package Plastic DIP: 
Plastic SOJ: 
Plastic ZIP: 



TC511001AP 
TC511001AJ 
TC511001AZ 



BLOCK DIAGRAM 
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TC51 1 001 AP/AJ/AZ-70, TC51 1 001 AP/AJ/AZ-00 
TC511001AP/AJ/AZ-10 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


_]>7 


V 


1 


Test Mode Input Voltage 


VlN(TF) 


-1^10.5 


V 


1 


Output Voltage 


v OUT 


-rW 


V 


1 


Power Supplv Voltage 


vcc 


-l'W 


V 


i 


Operating Temperature 


TOPR 


(TWO 


°c 


1 


Storage Temperature 


TSTG 


-55%150 


°c 


1 


Soldering Temperature. Time 


TSOLDER 


260-10 


°C- sec 


1 


Power Dissipation 


?D 


600 


mW 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta-0^70°C) 



SYMBOL 


PARAMETER 


MIN . 


TYP . 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4. 5 


5.0 


5.5 


V 


2 


VlK 


Input High Vol tape 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0. 8 


V 


2 


VlH(TF) 


Test Enable Input High Voltage 


Vcc+4.5 


_ 


10.5 


V 


2 


VlL(TFJj Test Disable Input Low Voltage 


-1.0 


- 


VCC+1.0 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V C C=5±10% Ta=0-w0° 


C) 










SYMBOL 


PARAMETER 1 MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC= t RC MIN.) 


TC51 1 00 1 AP/AJ/AZ-70 


- 


80 




3,4 


TC511001 A?/A J/A Z-80 


- 


70 


mA 


TC 5 1 1 1 AP/A J/AZ-IO 


- 


60 




ICC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=Vih) 


- 


2 


mA 


3 


*CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IK : t R c=tRC MIN.) 


TC511001AP/AJ/AZ-70 


_ 


80 


mA . 


3 


TC 51 10 1 A?/A J/AZ-SO 


- 


70 


TC 5 1 1 1 AF/A J/AZ- 10 


- 


60 


ICC4 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 

(RAS=Vil, CAS Cycling: t^ C =tNC MIN.) 


TC 51 1 OO 1 AP/AJ/AZ-70 


- 


60 


mA 


3,4 


TC 5 1 1 1 A?/A J /AZ- 83 


_ 


50 


TC511001 A?/A J/AZ-10 


_ 


40 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=Vp,c-0.2V) 


- 


1 


mA 




ICC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tRC^RC MIN.) 


TC 5 1 1 1 AP/AJ/AZ-70 


- 


80 


mA 


3 


TC5 1 1 00 1 A?/A J/AZ-8C- 


_ 


70 


TC 51 1 00 1 A?/A J/AZ-10 


_ 


60 


I KL) 


INPUT LEAKAGE CURRENT (any input except TF) . 
Input Leakage Current, any input (OV^Vx^-16 . 5V , 
All Other Pins Not Under Test=0V) 


-10 


10 


PA 




I ITF(L) 


INPUT LEAKAGE CURRENT (only TF) 

(OV£V-in(tf)£V cc +0v5.V v All Other Pins Not Under Test=0V) 


-10 


10 


UA 




r 0(L) 


OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, OV^VouT^+5 .5V) 


-10 


10 


PA 




itf 


TEST FUNCTION INPUT CURRENT 
(VncfA.5V^V T N(TFU10.5V) 


- 


1 


mA 




VOH 


OUTPUT LEVEL 

Output "K" Level Voltage (IoUT = ~5mA) 


2. 4 


- 


V 




v OL 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4-2mA) 


~ 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0 ^ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511001AP/ 
AJ/AZ-70 


TC511001AP/ 
AJ/AZ-S0 


TC511001AP/ 

AJ/AZ-10 


UXIT 


NOTES 


MIN . 


MAX. 


MIN. 


MAX. 


MIN . 


MAX. 


L RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


180 


- 


ns 1 


t KU'C 


Read-Write Cycle Time 


155 


- 


175 


- 


210 


_ 


ns 




n NC 


Nibble Mode Cycle Time 


40 


- 


40 


- 


40 


- 


ns 




^"KFvITvC (Nibble Mode Re ac- Write Cycle Time i 65 


_ 


65 


- ! 65 | - 


ns 




L RAC (Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


£,13 


t CAC (Access Time from CAS 


- 


20 


- 


20 


_ 


25 


ns 


8,13 


C AA j Ac cess Time from Column Address 


» 


35 


- 


40 


- 


50 


ns 


8,14 


t NCAC (Nibble Mode Access Time 


- 


20 


- 


20 


- 


20 


ns 


8 


t CLZ 


CA5 to Output in Low-Z 





_ 





- 





ns 


8 


tCTF 


Output Buffer Turn-Off Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


50 


- 


60 


_ 


70 


- 


ns 




r RAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


20 


_ 


25 


- 


ns 




t CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




t CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


■' 


10.000! ns 


t RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 25 75 


ns 


13 


t RA.D 


RAS to Column Address Delay Time 


15 


35 


15 


40 


20 


50 


ns 14 


C CRP 


CAS to RAS Precharge Time 


5 


- 


5 


I 5 


- 


ns | 


C CPN 


CAS Precharge Time 


10 


- ! io 


- ! io 


- 


ns I 


t ASR 


Row Address Set -Up Time 





- 





- 





1 ns 




^RAH Row Address Hold Time 


10 


j 10 


- 


15 


■-" 


ns 




L ASC | Column Address Set -Up Time 





- 





- 





- 


ns 




t CAK 


Column Address Hold Time 


15 


- 


15 


_ 


20 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




L RAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 




L RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




L RCH 


Read Command Hold Time 
referenced to CAS 





- 





- 





- 


ns 


10 


L RRH 


Read Command Hold Time 
referenced to -RAS 





- 





- 





- 


ns 


10 


ttfCH 


Write Command Hold Time 


15 


- 


15 


- 


20 




ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMriENDED AC 


OPERATING CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


TC511001AP/ 
AJ/AZ-70 


TC511001AP/ 
AJ/AZ-80 


TC511001AP/ 
AJ/AZ-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN . 


MAX. 


MIN. 


MAX. 


1 WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




n RWL 


Write Command to RAS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




C CWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




n DS 


Data-in Set-Up Time 





- 





- 





_ 


ns 


11 


C DH 


Data-in Hold Time 


15 


.- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data-in Hold Time 
reference to RAS 


55 


- 


60 


- 


75 


~ 


ns 




L REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




t wcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


t C\-JD 




20 


- 


20 


- 


25 


~ 


ns 


12 


CAS to WRITE Delay Time 


r RWD 


RAS to WRITE Delay Time 


70 


- 


80 


- 


100 


- 


ns 


12 


t AWD 




35 


- 


40 


- 


50 


- 


ns 


12 


Column Address to U r RITE 
Delay Time 


C CSR 


CAS Set-Up Time (CAS before RAS) 


10 


- 


10 


- 


10 


- 


ns 




L CHR 


CAS Hold Time (CAS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




t RPC 


RAS Precharge to CAS Active Time 





- 





- 





- 


ns 




C CPT 


CAS Precharge Time 

(CAS before RAS Counter Test)' 


40 


- 


40 


- 


50 


- 


ns 




t NCAS 


Nibble Mode Pulse Width 


20 


- 


20 


_ 


20 


_ 


ns 




^CP 


Nibble Mode CAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




t NRSH 


Nibble Mode RAS Hold Time 


20 


- 


20 


- 


20 


- 


ns 




C NCWD 


Nibble Mode CAS to WRITE Delay 
Time 


20 


- 


20 


- 


20 


- 


ns 




t NRu T L 


Nibble Mode WRITE Command to 
RAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




t NCWL 


Nibble Mode WRITE Command to 
CAS Lead Time 


20 


- 


20 


- 


20 


- 


ns 




t TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




tTEHR 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- 


. 


- 


ns 




t TEHC 


Test Mode Enable Hold Time 
referenced to CAS 





- 





- 





- 


ns 





CAPACITANCE (V C c=5V±10%, f=lMHz, Ta=0^70°C) 








SYMBOL 


PARAMETER 


MIN . 


MAX. 


UXIT 


Cll 


Input Capacitance (A0^A9 , Dj N ) 


- 


5 


P F 


CI2 




- 


7 


P F 


Input Capacitance (RAS, CAS, WRITE, TF) 


Co 


Output Capacitance (E>OUT) 


- 


7 


P F 
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NOTES: 



1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- *CC1» I CC3> I CC4> I CC6 depend on cycle rate. 

4- *CC1> ^CCA depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200^ s is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume t-p=5ns. 

7. Vjp^min.) and VjL(max.) are refernce levels for measuring timing of input 
signals. Also, transition times are measured between Vxh and VlL- 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9- tQFF( raax *) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^^^ or tRRjj must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. t\.iQs, tR\^D, tQWD an d ^Al-rD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tvjCS - C WCS 
(min.), the cycle is an early write cycle and the data out pin will remain 

open circuit (high impedance) throughout the entire cycle; If tj^rj = tRT.rn (min . ) , 
tCWD £ tQ.jj)(min. ) £R d tAWD = c AWD^ m ^ n *)' the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCD(max.) limit insures that t RAC (max.) can be met. 
tRCD(raax.) is specified as a reference point only: If tRCD is greater than • 
the specified tRrjn(max.) limit, then access time is controlled by tcAO 

14. Operation within the t^ A n(max.) limit insures that tj^c(max.) can be met. 

t rad (max.) is specified as a reference point only: If t^D is greater than 
the specified t^pj)(n\ax.) limit, then access time is controlled by t^ A . 
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TIMING WAVEFORMS 
READ CYCLE 



Vtw - 

RAS Lti 



VlL~ 



\ 



t CRP | 



ViH — 



WRITE IH " 
VlL- 



D 0UT 



vol — 



^ASR 



tRC 



_Ecsh 



tRCD 



C MP 



.^RAH 



ROW 
ADDRESS 




t RCS 



'IL 



Tit 



"tASC 



t CAH 



COLUMN 
ADDRESS 



_2rsh 



V f *RP ^ ^ 



/, 



C RAL 



W////////////////M 



.^RRH 



L CAC 



C RAC 



[- t (1 LZ ,4 



OPEN 



^CH. 






VALID DATA 



^ 



WRITE CYCLE (EARLY WRITE) 



RAS 



WRITE 



D IN 



D OUT 




: "H" or "L" 

NOTE: "TF" pin should be connected to Vxl(TF) level or open, If 
"Test Mode" is not used*. 
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READ-WRITE CYCLE 



TC51 tOOl AP/AJ/AZ-70, TG51 1 001 AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 



RAS 






ca3 



A0-A9 



WHITE 



D OUT 



'IL- 



^RFf 



^SR,, ) 



VlH — 



^ih — 77 



ni" 



VOH — 
v OL— " 



'IH- 



din —77 

v IL — -LL 



t RWC 



t RAS 



t AR 



Lrcd 



t RAD 



iRAa. 



ROW 
ADDRESS 



WX^MMMMMMMK 



C RCS L 



^ 



?U 



r CAS 



LR£_ 



,£7' 



fCEP. 



^RWD 



^caq 



C CLZ 



l2A£_ 



\ 



"CCWL 



U RWL 



^m^ 



t WP 



JtQFF 



VALID DATA 



C DH 



mm 



^ptjs 



: "H" or "L" 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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NIBBLE MODE READ CYCLE 



RAS 



VlH 



t CRP 1 . 
CAS V IH— + 

Vtl— ■ A& 



A0~A9 



D OUl 



VlH~ 



V H — 

vol— " 




VIH~T 



V IL" 



^ 






NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



t RAS 



_*RP.. 



B2RZL 



D IN 



D g T 




:-: «» 



v ol — T777I : "H" or "L" 

NOTE: M TF" pin should be connected to V IL (TF) level or open. 
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NIBBLE MODE READ-WRITE CYCLE 



RAS* 



CAS 



WRITE 



VlH— ' 



V IH- 
VlL— L 



Vtw " 



V IL" 




▼IL- 



t DS 



\y 



VOH— _ 

Vol—" 




t DS 



A///// 



z ctc 



^RAC 



t CLZ. 



tQPF 



fALID 
)ATA 



xr~^s~^y 




VAL ID JY//VVALI DY/A/VALID > 
'ATA J^/AdaTA.A7/AdATA 



t NCAC 



» 



a C / Valid \ / valid \ / valid \ 

,£^ DATA A\DATA / ^" ^DATA / " 



571 : "H" or "L ,f 



NOTE: "TF" pin should be connected to V IL (TF) level or open. 
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RAS ONLY REFRESH CYCLE 



v IH - 

RAS in 



\ 



CAS V IH" 



t GRP^| 



t RAS 



^ 



t RP 



\ 



^RPC 



^^ 



— '~~ V///////////>X zr= ^////////////////X 



D OUT 



VOH — 



OPEN 



NOTE: WRITE»"H" or "L", A9- f, H" or "L" 



: "H" or "L" 



CAS BEFORE RAS REFRESH CYCLE 



v TTl / ^y 



d out 



VlH — 
VlL— - 

VOH— " 



t RP 



./ 



.?CPN 



t OFF 



tifiRT? 



r 



i//////////////// M/m 



y 



: "H" or "L" 



NOTE I WRITE="H" or "L", A0 ^ A9="H" or "L" 

"TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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CAS BEFORE RAS REFRESH C OUNTER TEST CYCLE 



'IL — 



V IH ' V 

Vtt. ^=- 



AO~A9 



READ CYCLE 



'IL 

Vih— 7 



*IL 



D OUT 



7 OH — ■ 



WRITE Z IH 77 



WRITE CYCLE 






WRITE 



'IH — " 



din 



Vih— 7 



j V IL - 

READ-WRITE CYCLE 
VoH- 



D OUT 



V OL — 



WRITE VlH 7/ 



Dm 7lH -7; 



\ 






^CHR 



^ 



C ASC 



t WCS 



//////////////a- 



t RSH 



;/ 



tf 



COLUMN 
"DRESS 



t DS 



r CAC 



VALID DATA 



% 



tCWL 



t WCH 



: OFF 



illf 



- ag — j^ 



7/ 



// 



^ 



t DH 



^ U-VALIX) BAT A | ^ 



€ RCS 



t CAC T-Q FF 
^ZY VALID DATA~ft- 

^clzJ ^^ 8 r 

r AWD ■"■ ** 



2^ 



^DS 



VlL 



z m//////////////////7M77MA ¥^m ///////////// / 



t RWL 



Tl ^Umlj 



iPH 



: "H" or "L" 

NOTE: "TF" pin should be connected to Vil(TF) level or open, if 
"Test Mode" is not used. 
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HIDDEN REFRESH CYCLE (READ) 






t CRB .. 
CAS VlH ^" / 



VlL 



t AR 



t RCD 



t RAH 
t^SC 



t RAD 



i^ic$; 



WRITE 



D OUT 



VlH— I 



t RCS 



^ 



V H — m 

Vol — ~ 



COL 
.ADD 




t RSH 



ym 



r RP 



C RAS 



:f 



t CHR 



Y 



iCACl 



r CLZ 



4^ 



VALID DATA 



> 



HIDDEN REFRESH CYCLE (WRITE) 



CAS 



VlL — 

▼iH 

VlL- 

VlH — 




C AR 



, t RCD 



1RAH 



lasa 



J>RAT\ 



\ 



^mmmi 



.r^=! 



t RSH 



ICAJL 



*RP 



C CHR 



:/" 



WRITE 






D IN V IH —^ 



Dqut V ° h ~~. 

vol — " 



tpHR 



OPEN 





zwmr^ y/////////////////////////////////////////////, 



"H" or "L" 



NOTE: "TF" pin should be connected to Vil(TF) level or open, if 
"Test Mode" is not used. 
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APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC511001AP/AJ/AZ are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS) , latches the 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed internal 
clocks . 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. This "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Ad- 
dress Hold Time specification (tpj^) has been satisfied and the address inputs have 
been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 



a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (Dj^) register. 
This permits several options in the write cycle timing. In a write cycle, if the 



WRITE input is brought low (active) prior to CAS, the Dt^ t is strobed by CA.S and the 
set-up and hold times are referenced to CAS . If the input data is not available at 



CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 



edge of WRITh rather than CAS. (To illustrate this feature, Din is referenced to 



WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Djy referenced to CAS) . 



Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low) . Data read from the selected cell will be avilable at the output 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TC511001AP/AJ/AZ is the 

high impedance (open circuit) state. This is to say, anytime CAS is at a high level, 
the DoUT P^ n will be floating. The only time the output will turn on and contain 
either a logic or logic 1 is at access time during a read cycle. Dqut will remain 
valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at t^^ 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate (faster than t^^) . Row and column addresses need 
only be supplied for the first access of the cycles. From then on, the falling edge 
of CAS will activate the next bit. After four bits have been accessed, the next bit 
will be the same as the first bit accessed (wrap-around method) . 

r— (0, 0) -(0, i) -(1, 0) ~(i, D — 



Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and 
column A9 provide the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary fashion; 00 •* 01 -* 10 •+ 11 with 
A9 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap- 
around will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 row address (AO^AS) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 
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CAS BEFORE RAS" REFRESH 

CAS before RAS refreshing availalbe on the TC511001AP/AJ/AZ offers an alternate 
refresh method. If CAS is held on low for the specified period (t^sR) before RAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op- 
eration is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be per- 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refresh. Hidden Refresh is performed by holding CAS at Vjl and taking RAS high and 
after a specified precharge period (tRp) , executing a CAS before RAS refresh cycle, 
(see Figure below) 



ME.YOEY CYCLE 



REFRESH CYC LI 



REFRESH CYCLE 



This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data avilability. 
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CAS BEFORE RAS" REFRESH COUNTER TEST 

The internal refresh operation of TC511001AP/AJ/AZ can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the inter- 
nal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa- 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2J Select one certain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 512 times. 

(5) Check "1" out of 512 bits at normal read mode, which was written at (T) . 

(£) Using the same column as (5), read "1" out and write "0" in each cell performing 
CAS BEFORE RAS REFRESH COUNTER TEST. 
Repeat this operation 512 times. 

(5) Check "0" out of 512 bits at normal read mode, which was written at (V). 

(6) Perform the above (T) to (5) the complement data. 
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TEST MODE 

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter- 
nally organized 262,144 words by 4 bits. In "Test Mode", data are written into 
a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon 
reading, all bits are equal (all "H" or "L") t the data output pin indicates a same 
data as all bits. In this case, the data output pin indicates an expected data for 
good parts, the data output pin indicates a complementary data for bad parts. And 
also, if any of the bits differed, the data output pin would indicate a high im- 
pedance state for bad parts. Fig.l shows the block diagram of TC511001AP/AJ/AZ in- 
cluding its truth table when "Test Mode" is used. 
In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 



Block Diagram in Test Mode 




LNch 



^OUT 



TF Pin=Super Voltage; Test Mode 

TF Pin*V IL (TF) level or Hi-Z; Normal 



Truth Table in Test Mode Function 



A B C D 


DOUT 

















1 


1 


1 


1 


1 


Otherwise 


Hi-Z 



Fig. 1 
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"Test Mode" function is performed on any of the timing cycles except Nibble 
mode when "TF" pin is held on "super voltage (V CC +4.5V (V CC =5V±10%) , max. voltage= 
10.5V)" for the specified period (tTES> t TEHR anc * t TEHC> see F ^g» 2). 
The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vxl(TF) level, or left unconnected on the printed wiring board. 
The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 




t TEHC(0r i8) 



/ IH(TF) — 
7 IL(TF) 
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OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



ri.o /y 



18 17 15 15 14 15. 12. U 1Q 
m r— i it r— i rn r*i„ r— i r-*» rn 



1— «. 



12345 67 39 



1 








2 C. A MAX. 




z 




1 








tl 


I 


fC 


TO 


MK 


j 


2 
d 


• 

< 

• 5 


> 






■ " 


1 










' 






} \ V V 


V V V 






, 




C.54±0.2 5 








1.4-0.15 


X) 


> 

s 




o.o±ai5 


















—I 










Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 
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• Plastic SOJ 



Unit in mm 



17.02-17.27 



26 25 24 23 22 

n n n n n 



y 



INDEX DOT 



u u u u u 

12 3 4 5 



18 17 16 15 14 

n n n n n s 



u u u u u 

.9 10 11 12 13 



ck 


mi 




a 9TYP. 






\ 








00 

I 

ao 
co 

00 


, 


S\>& 






1 

L 


- i 

•>* 

1 


co 




$) 


1 




M 










Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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Plastic ZIP 



2 6.3 MAX 




1 3 5 7 9 11 13 15 17 19 



(J^Q^J 



E 



Unit in mm 



3.0 MAX 



mn 






g.25 



2 4 6 8 12 14 15 18 20 

Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

DESCRIPTION 

The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511002AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advnaced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511002AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ nad 20/19 pin plastic 
ZIP. The package size provides system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perfor- 
mance logic families such as Schottky TTL. 



FEATURES 

• 1,048,576 word by 1 bit organization 

* Fast access time and cycle time 





•TC511002AP/iy"/AZ-7Q/-8Q/~ 10 


C RAC RAS Access Time 


70ns 


80ns 


100ns 


Column Address 
AA Access Time 


35ns 


40ns 


50ns 


t CAC CS" Access Time 


20ns 


20ns 


25ns 


tRC Cycle Time 


130ns 


150ns 


180ns 


t Static Column 
SC Mode Cycle Time 


40ns 


45ns 


55ns 



Single power supply of 5V±10% with a 
built-in Vgg generator 



PIN CONNECTION (TOP VIEW) 



Plastic DIP 



Plastic SOJ 




IN[1 



f^ 



J^[2 
PAS[ 3 



A0[ 
All 
A2[ 

A3[ 
VCC[ 



26] -'SS 
25 ] DOOT 
24]3$~ 
23 ] N.C. 
22 ]A9 

18 ]A8 
17]A7 
16 ]A6 
15 ]A5 
14 ] A4 



PIN NAMES 



A0^ A9 


Address Inputs 


RAS 


Row Address Strobe 


din 


Data In 


D 0UT 


Data Out 


CS 


Chip Select Input 


WRITE 


Read /Write Input 


vcc 


Power (+5V) 


vss 


Ground 


TF 


Test Function 


N.C. 


No Connection 



Plastic ZIP 



A9 


T"! 






DCUT 


>""! 


;_ 2 


CS 


Dr; 


5 n . 


I A 












l T 




.-V-ji 










— i 


L R 


TP 


N.C. 


y 1 






A0 


■ffl 








r±j 


!12 


Al 


A2 


12' 


[ffi 


A3 

A4 


A5 


I7j 










•Tfl 


A6 


A7 


Is ti 










L2Cj 


A8 



Low Power 
440mW MAX. Operating (TC511002AP/AJ/AZ-70) 
385mW MAX. Operating (TC511Q02AP/AJ/AZ-80) 
330mW MAX. Operating (TC511002AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 

Common I/O capability 

Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability. 

All inputs and output TTL compatible 

512 refresh cycles/8ms 

Package Plastic DIP: TC511002AP 
Plastic SOJ: TC511002AJ 
Plastic ZIP: TC511002AZ 



BLOCK DIAGRAM 




A-69 - 



TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC51 1 002AP/AJ/AZ-1 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-H 7 


V 


1 


Test Function Input Voltage 


VlN(TF) 


-1^10.5 


V 


1 


Output Voltage 


VOUT 


_1% 7 


V 


1 


Power Supply Voltage 


vcc 


-l'W 


V 


1 


Operating Temperature 


TOPR 


0^70 


°c 


1 


Storage Temperature 


TSTG 


-55^150 


°C 


1 


Soldering Temperature • Time 


TSOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=CW0°C) 



SYMBOL 


PARAMETER 


HIM. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


t* , 5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 


V IH(TF) 


Test Enable Input High Voltage 


v CC+4 . 5 


- 


10.5 


V 


2 


V IL(TF) 


Test Disable Input Low Voltage 


-1.0 




v CC+0 . 1 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V cc =5±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX . 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS, Address Cycling: tRc=tRC MIN.) 


TC5 11002AP/A J/AZ-7 


- 


80 


mA 


3,4 


TC5110 02AP/A J/AZ-&0 


- 


70 


T C5UO02AP/A J/AZ-1Q 


- 


60 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V IH ) 


- 


2 


mA 




X CC3 


"RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CS= V IH: tRC^RC MIN.) 


TC 51 1 0C 2AP/A J/AZ-70 


- 


80 


mA 


3 


TC 5 110C2 AP/A J/AZ-60 


- 


70 


TC 51 1002 AP/A J/AZ-10 




60 


X CC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode(RAS=CS=V IL , Address Cycling: t sc =t sc MIN.) 


TC51 1002 AF/A J/AZ-7C 




60 


mA 


3,4 


TC511002AP/AJ/A2-60 




50 


TC5110O2AP/AJ/AZ-10 


- 


40 


ICC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V CC -0.2V) 


- 


1 


mA 




X CC6 


CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS 

Mode (RAS, CS" Cycling: t RC =t RC MIN.) 


TC511002AP/ AJ/A Z-70 


- 


80 


mA 


3 


TC511002AP/AJ/AZ-80 


- 


70 


TC5 11002AP/A J/AZ-10 


_ 


60 


X KL) 


INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(0V£ V IH £ 6.5V, All Other Pins Not Under Test=0V) 


-10 


10 


yA 




I ITF(L) 


INPUT LEAKAGE CURRENT (only TF) 

(0V£ V IN (TF) £ V CC +0.5V, All Other Pins Not Under Test=0V) 


-10 


10 


uA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, 0V£ V UT = +5.5V) 


-10 


10 


PA 




ITF 


TEST FUNCTION INPUT CURRENT 
(V CC +4.5V < V IN (TF) < 10.5V) 


- 


1 


mA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (I 0UT =-5raA) 


2.4 


- 


V 




Vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I OUT =4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC511002 
AP/AJ/AZ-70 


TC511002 
AP/AJ/AZ-80 


TC511002 
AP/AJ/AZ-1Q , 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX, 


tRC 


Random Read or Write Cycle Time 


130 


- 


150 


_ 


180 


- 


ns 




t RWC 


Read-Write Cycle Time 


155 


~ 


175 


- 


210 


- 


ns 




tsc 


Static Column Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




1 SRWC 


Static Column Mode Read Write 

Cycle Time 


70 


- 


80 


- 


100 


- 


ns 




tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


t Ak 


Access Time from Column Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


tALW 


Access Time from Last Write 


- 


65 


- 


75 


- 


95 


ns 


8,15 


t CLZ 


CS" to Output in Low-Z 





- 





- 





- 


ns 


8 


c OFF 


Output Buffer Turn-Off Delay 





20 





20 





20 


ns 


9 


t AOH 


Output Data Hold Time from 
Column Address 


5 


- 


5 


- 


5 


- 


ns 




t OW 


Output Data Enable Time from 


- 


20 


- 


20 


- 


25 


ns 




WRITE 


tWOH 


Output Data Hold Time from 





- 





- 





- 


ns 




WRITE 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tRASC 


RAS Pulse Width 
(Static Column Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




tRSH 


CS to RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t CSH 


RAS to CS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




t CS 


CS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




t CSC 


CS Pulse Width 
(Static Column Mode) 


20 


100,000 


20 


100,000 


25 


100,000 


ns 




tRCD 


RAS to CS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


11 RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


20 


50 


ns 


14 


tCRP 


CS to RAS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




C CP 


CS Precharge Time 
(Static Column Mode) 


10 


- 


10 


- 


10 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t AWR 


Write Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


80 


- 


90 


- 


115 


- 


ns 




tRAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC511002 
AP/AJ/AZ-70 


TC511002 

AP/AJ/AZ-80 


TC511002 

AP/AJ/AZ-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t AH 


Column Address Hold Time 
referenced to RAS Rise 


5 


- 


5 


- 


10 


- 


ns 


16 


t CWL 


Write Command to CS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




t LWAD 


Last Write to Column Address 
Delay Time 


20 


30 


20 


35 


25 


45 


ns 


15 


tAHLW 


Last Write to Column Address 
Hold Time 


65 


- 


75 


- 


95 


- 


ns 




t RCS 


Read Command Set-Up Time 
referenced to CS 





~ 





- 





- 


ns 




tRCH 


Read Command Hold Time 
referenced to CS* 





- 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


tWCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 


12 


t WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




fc Wl 


Write Command Inactive Time 


10 


- 


10 


- 


10 


- 


ns 




tRWL 


Write Command to RAS" Lead Time 


20 


- 


20 


- 


25 


- 


ns 




tDS 


Data-in Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time- 


15 


- 


15 


- 


20 


- 


ns 


11 


tDHR 


Data-in Hold Time referenced 
to RAS 


55 


- 


60 


- 


75 


- 


ns 




tREF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




twcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


tCWD 


CS to WRITE Delay Time 
(READ-WRITE CYCLE) 


20 


- 


20 


- 


25 


- 


ns 


12 


tRWD 


RAS to WRITE Delay Time 
(READ-WRITE CYCLE) 


70 


- 


80 


- 


100 


- 


ns 


12 


tAWD 


Column Address to WRITE Delay 
Time 


35 


- 


40 


- 


50 


- 


ns 


12 


tCSR 


CS" Set-Up Time (CS" before RAS) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CS Hold Time (CS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




tRPC 


RAS Precharge to CS" Active 

Time 





- 





- 





- 


ns 




tCPT 


CS~ Precharge Time 

(CS before RAS Counter Test) 


40 


- 


40 


- 


50 


- 


ns 




tCPN 


CS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 




t TES 


Test Mode Enable Set-Up Time 
referenced to RAS 





- 





- 





- 


ns 




t TEHR 


Test Mode Enable Hold Time 
referenced to RAS 





- 





- 





- 


ns 




t TEHC 


Test Mode Enable Hold Time 
referenced to CS" 





- 





- 





- 


ns 
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CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0-WO°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A9, Dxn) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CS, WRITE, TF) 


- 


7 


CO 


Output Capacitance (Dqut) 


- 


7 



NOTES: 



10 
11 

12 



13. 



14. 



15. 



16. 



Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

All voltages are referenced to V55, 

I CC1» I CC3» I CC4» I CC6 depend on cycle rate. 

■^-CCl* -1-CC4 depend on output loading. Specified values are obtained with the 
output open. 

An initial pause of 200us is required after power-up followed by any 8 RAS cycles 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS* Before RAS initial- 
ization cycles instead of 8 RAS cycles are required. 

AC measurements assume tT=5ns. 

Vj H (min.) and Vj^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj^ and V^. 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

tQFF( max -) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 

Either tRQ* or tj>££ must be satisfied for a read cycle. 

These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in read-write cycles. 

tWCS* tR\jD, tcUD and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tycs = tWCsO 31 *- 11 * )> 
the cycle is an early write cycle and data out pin will remain 

open circuit (high impedance) throughout the entire cycle ; If t^p ^ t^yj)(min. ) , 
tCWD = tcwT)(min.) and tAWD = tAWD(min. ) , the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 



Operation within the 
t RCD( max -) is specif i 
specified t RCD (max.) 

Operation within the 
t RAD (max.) is specif i 
specified tRAD( max «) 

Operation within the 
tLWAD(raax.) is specif 
specified tn,jAD( max *) 
tAH is the condition 



t£Q D (min.) limit insures that tRAc( max *) can ^ e met. 

ed as a reference point only: If t^n is greater than the 

limit, then access time is controlled by tcAC* 

t RAD( max «) limit insures that tRAC;(max.) can ^ e met « 

ed as a reference point only: If t^p is greater than the 

limit, then access time is controlled exclusively by t^A- 

t LWAD( max ») limit insures that tALW(max.) can be met. 
ied as a reference point only: If t^AD is greater than the 
limit, then access time is controlled exclusively by tAA» 

to latch column address when RAS has rised up. 
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TIMING WAVEFORMS 
READ CYCLE 



RAS V IH 



VlH 
VlL 



cs VlH "" 



t ASR| 



\ 



tRAH 



ROW ADDRESS 



l c CRP 



V IL — 



tRC 



™** VIH - J/////////////////////M 



D OUT 



VlL 

V H — 

Vol — " 



tRAL 



C CSH 



t AH 



COLUMN ADDRESS 



t AR 



tRGD 



t RSH 



t CS 



K 



t RCH 



*CRP 



t FP 



VALID DATA 



> 



WRITE CYCLE (EARLY WRITE) 




WRITE 



* v ih -7 



ZZWMMMMMbi 



C WCR 



t DS 



din 



d out 



V IH 



v OL 



^WB 



C DH 



V//////////////////////// /M 



r RWL 



VALID DATA 



!k 



1 



tDHR 



OPEN 



: "H" or "L" 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if "Test 
Mode" is not used. 
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READ-WRITE CYCLE 



t ASR 



A0-A9 



V IH 



r RWC 



"tRAS 



t RP 



tRWL 



ROW ADDRESS 



^CAKl 



WRITS 



'IL 



'IH 



V IL 



'IL 



C RCD 



M 



COLUMN ADDRESS 



W///////////////////////M 



"tcs 



tQWD 



t AWD 



^CSH 



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIK ^ 



X 




r WP I f 

zzxi 



W 



D OUT 



U 



t WOH 



t AOH 



VALID DATA 



tQFF 



32 



/m r - 



"H" or "L" 



w 



NOTE: "TF" pin should be connected to V IL (TF) level or open, if 
"Test Mode" is not used. 
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TC51 1002AP/AJ/AZ-70, TC51 1 002 AP/A J/AZ-80 
TC511002AP/AJ/AZ-10 



STATIC COLUMN MODE READ CYCLE 



'IH 



'IL 



'IH 



___ V IH 
CS 

V IL 



WRITE 



'IH —77 



V H 



\ 



t RASC 



f 



ROW 
ADDRESS 



r AR 



t RCD 



COLUMN 
ADDRESS 



COLUMN V^ 
ADDRESS /^ 



r CSH 



l RAC 



^SC 



j^P^MSFH- 




COLUMN 
ADDRESS 



^AK 



t OPF 



*RCS 



t AA 



L RRH 



m 



VALID 

DATA 



: "H" or "L" 



NOTE: "TF" pin should be connected to Vil(TF) level or open, if 
"Test Mode" is not used. 
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TG51 1 002AP/AJ/AZ-70, TG51 1 002AP/AJ/AZ-80 
TG51 1 002AP/A J/AZ-1 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



A0-A9 



eg - 



VlL — 



WRITE V IH 



*IL — 



bin Vih ~77 

VlL— L 



u OUT 



v OH — 
^OL — ' 



v il— yt r 

^AWR Z CV 



f 



t RAD 



\^f 



t WCS 



— st 

t DHR T- 




V UM/l/ll/llf, 



r WI 



t WP 



p 



t^cs Pwi 



t, WCH 



w 



t CWL 



tRWL 



t WCS 



f 



■ tps J t DH ys *DH 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



RAS 



C^ 



BIN VlH ~^ 
V IL — / 

VOH — 



D 0UT 



vol — 




tDS 



, VALID 
J DATA 



tps 



^f^~/ 



ym&mcm. 



"H" or "L" 

NOTE: "TF" pin should be connected to V IL (TF) level or open, 
if "Test Mode" is not used. 
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TG51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC51 1 002AP/AJ/AZ-1 



STATIC COLUMN MODE READ-WRITE CYCLE 



VlH- 
VlL" 

VlH- 
VlL' 



t ASIjl 



N: 



tRASC 



t KP 



ROW 
ADDRESS 



VlL — 






tRCS 



COLUMN 

ADDRESS 



mx: as w ////////////////////, 



\ 



l AWD 



t DSI 



X 



iDH 



C SRWC 



t LWAD 



t WP 



1>" 



U IN 



D OUT 



VlH 
VlL 



V H ~ . 

Vol — 



tRAL 



^AWD 



s: 



/ 



r 



m///////////////////M ^r mmmr ^ ^///////////////m 



t AA 



L CLZ„ 



tAQK 



tWOH 



tALW 



VALID DATA 



t OFF 



VALID DATA 



STATIC COLUMN MODE READ/WRITE MIXED C YCLE 

VlH" - 



RAS 



V IL— t RCD 



fASR 



Z EAD 



itRAH 



A0~A9 ^ H Z)^g 




CS V IH— "" 
VlL~ 



WRITE 



VlH-" 
VlL~ 



COLUMN ADDRESS 



t ASC 



tWCR 



V— 



tDS 



t AWR 



COLUMN ADDRESS 



r 



\ 



trw 



c DHj 



D » Z™ZW? rzzzizr-%/////////////, 



tDHR 



D OUT 



V L- 



t AWD 



tDS 



S&Hs ^//////# 



'fczzi' 



t DH 



INVALID DATA 



r CAC 



YMMm^nMymiM 



t AOH. 



%OH 



tALW 



< ^VALID DATA ffl^M ™l° ft 



"H" or "L" 

NOTE: "TF" pin should be connected to V IL (TF) level or open, if "Test 
Mode" is not used. 
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.RAS ONLY REFRESH CYCLE 



TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 






WMK. 



'IH —/ 



T 



t RAH 



W ?» ™***W Ml 



u OUT 



OPEN 



NOTE: WR1TE="H" or "L", A9="H" or "L" XZZh "H" or "L" 



CS BEFORE RAS REFRESH CYCLE 



'IL 



'IL — . 



^UT 



v OK 



"CRPC 



^PN 



X 



^SR 



st 



'OFF 



> 



^AS 



OPEN 



f 



NOTE: WRITE="H" or "L", AO ^ A9="H" or "L 



"H" or "L" 



"TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC51 1002AP/AJ/AZ-70, TC51 1 002AP/A J/AZ-80 
TC511002AP/AJ/AZ-10 



HIDDEN REFRESH CYCLE (READ) 



RAS 



CW 



WRITE 



D OUT 











"tRC 








X 


RC 






Vttt . - .., 


* . tRAS , j 


t RP 

r x 


1 tRP - 




^IH J r 


f t RAS 


/ 




Vtt 


v \i 


^" 






X RCD t RSK 






t CRP> 




^R 






tCHR 


t CRP 




v ih ~—jr- 

v IL / 


* J tRAI 


4 J \ 


V 




./ 


*ASR 


_ t RAD 




c 

t RAL 




t AH 




;:: ~mi 


IDD 


m 


1 ~ A _ W/////////////////////////////////M 


v I L *i~*-f p — 


X RCS 




| j ^RRH 




;;•; ~m////// 




"^CAC 


\ 


W/////////////////f///////////////////, 








t AA 










"tRAC 




, j t(DFF 






i i 




V 0H 




m 


VALID DATA 


ns 


v l — 


* 


J 






^CL^ 










1 



HIDDEN REFRESH CYCLE (WRITE) 



\ 



:!7 



^SR 



*«• :;: 3€Mm 



^RC 



r RCD 



tRAH 



\ 



t RAD 



COL 
ADD 



t RC 



,r\ 



"tRAS 



X CHR 



I 



t CAH 



W///////////J/////////////////////////////////////, 



twos 



WRITS 



VlL " 



C DS 



J IN 



u OUT 



v ih —7 



%CH 



'IL 



VOH 



VALID 
DATA 



*DHR 



OPEN 



r "H" or "L" 

NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC51 1 002AP/AJ/AZ-1 



CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



'IH 



A0-A9 



READ CYCLE 



V IL — 

V IH — - 

V IL — 

VlH —J / 

V IL - 



yp 



t RAS 



^CHR 



C CPT 



V 



w: 



D OUT 



WRITE 



v OH 
V OL 

v IH — 7 



WRITE CYCLE 



D QUT 



'IL 






>///////////////////////W 



tRSH 



'f 



M 



^CRP 



COLUMN ADDRESS 



^H 



t CLZ 



VALID DATA 



w/////////////////m^&////////m^^ 



5 



tRCr 



t RRH 



7WM. 



™ Z - ///////////////////////tic 



- ;? - m/////////////////////#^ 




READ-WRITE CYCLE 



— ;;: z v/////////////////m m t c« ^^~w//////////////m 



u om 




* l\l -WMMMMZMZT 
1:1 ~ v////////////////////////////m 



"H" or "L" 

NOTE: "TF" pin should be connected to VjlCTF) level or open, if 
"Test Mode" is not sued. 
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TC51 1 002AP/A J/AZ-70, TG51 1 002AP/AJ/AZ-80 
TC511002AP/AJ/AM0 

TEST MODE 

The TC511002AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is 
internally organized 262,144 words by 4 bits. In "Test Mode", data is writ- 
ten into a number of sectors (4 sectors) in parallel and retrieved the same way. 
If, upon reading, all bits are equal (all "H" or "L") , the data output pin in- 
dicates a same data as all bits. In this case, the data output pin indicates an 
expected data for good parts, the data output pin indicates a complementary data 
for bad parts. And also, if any of the bits differed, the data output pin would 
indicate a high impedance state for bad parts. Fig. 1 shows the block diagram of 
TC511002AP/AJ/AZ including its truth table when "Test Mode" is used. 
In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 



Block Diagram in Test Mode 



An, Am 



An ,Am 



256K 
BLOCK 



256K 
BLOCK 



2 56K 
BLOCK 



256K 
BLOCK 



An ,Am 




TF Pin = Super voltage; Test Mode 

TF Pin = V IL (TF) level or Hi-Z; Normal 



Truth Table in Test Mode Function 





A B C D 


DOUT 

















1 


1 


1 


1 


1 


Otherwise 


Hi-Z 



Fig. 
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TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

"Test Mode" function is performed on any of the timing cycles including 
static column mode when "TF" pin is held on "super voltage (Vcc+4.5V(Vcc= = 5V±10%) , 
max. voltage = 10.5V)" for the specified period (t-jES* tTEHR anc * tTEHCJ see Fig. 2). 
The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vjl(TF) level or left unconnected on the printed wiring board. 
The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 



cs 




^IH(TP) 
^IL(TF) 



Fig. 2 Test Mode Cycle 
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TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 



OUTLINE DRAWINGS 
Plastic DIP 



18 17 16 15 14 13 12 11 10 



B1.0 



123 45 673 



Unit in mm 




7.6 2±0.2 5 



0r~i5° 



+ .0.1 
0.2 5 - 0.0 5 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No. 18 leads. 
All dimensions are in millimeters. 



— A-84 — 



TC51 1 M2AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ- 
TC51 1 002AP/AJ/AZ-1 



Plastic SOJ 



Unit in mm 



17.0 2 — 17.2 7 



26 25 24 23 22 



INDEX DOT 



^ 



18 17 16 15 14 

nnnnn 



U L_J U LJ LJ LJ U U LJ 

12 3 4 5 9 10 11 12 13 



0.9 TYP. 




0.6 6— 81 



%m-¥^M. 



041-050 



1.27 TYP. 



Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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TC51 1 002AP/AJ/AZ-70, TC51 1 002AP/AJ/AZ-80 
TC51 1 002AP/AJ/AZ-1 



Plastic ZIP 



INDEX DOT 



</ 



v V 



0.5 ±0.1 



VVVvvv VyVvVVvVvV 



1.2 7 TYP. 



1 


3 5 7 


9 


11 


13 


15 


17 


19 


llULArJL 


X 


- 


- 


n 


= 


r^ 


rrxxi 






J 1 






J U/ 



2 4 6 8 12 14 16 18 20 



Unit in mm 




Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time x^ithout notice, to change said 

circuitry 
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TOSHIBA MOS MEMORY PRODUCTS 

TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

DESCRIPTION 

The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514256AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514256AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per- 
formance logic families such as Schottky TTL. 



MATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cvcle time 





T C 51 4/56 AI/ AJ/AZ -7C_ — 30 - - 1C 


r RAC RAS Access Time 


7 0ns 


80ns 


100ns 


t .. Column Address 
^ Access Time 


35ns 


40ns 


50ns 


t CAC CAS Access Time 


20ns 


20ns 


25ns 


r RC Cycle Time 


130ns 


150ns 


180ns 


tpr Fast Page Mode 
Cycle Time 


40ns 


45ns 


55ns 



• Single power supply of 5Y~10% with 
built-in Ygg generator 

PIN CONNECTION (TOP view) 

Pla stic SOJ 

29 (] 1/04 

isDixoa 




Plastic ZIP 



HAS 

J-'.c. qs 

A0 Q 6 

^/ 

A2C] 8 
A3Q o 

VCC D K 



leDol 

2.1 t] A8 
14 b A7 
13 p A6 
12 D A5 



L'GJ Q 1 

ycz Qz 

aoq 9 



2£ P " V £S 

r <& n z/oc 

~ P zz 

i 
is Das 

1~ D A7 
1€ D A6 
- D AS 
14DA4 



0E1 1 


-. 


r J 












/ J - ,p ~ 


1/03/ 


1 


•X\ -su 






V ^U 


_j 


[f J 1/02 


. ,„ ,. r~ 










r. 




[_ r 1 VTRI 71 



I 

I 

[I^Al 
[if I A3 
[I(i A4 
L jfj A6 



PIN NAMES 



A0 ^ A8 


Address inputs 


RAS* 


Row Address Strobe 


CAS 


Column Address Strobe 


Incite 


Read /Write Input 


OE 


Output Enable 


1/01 -u 1/04 


Data Input/Output 


vcc 


Power (+5V) 


vss 


Ground 


K.C. 


No Connection 



Low Power 
A40mW MAX. Opera t 
385mW MAX. Op era t 
330mW MA>:. Operat 
5.5mW MAX. Standb 
Outputs unlatched 
dimensional chip 
Read -Modify- Write 
RAS-only refresh 
Fast Page Mode ca 
All inputs and out 
512 refresh cycles 
Package PI. 



ing(TC514 256AP/AJ/AZ-7 0) 
ing (TC514256AP/AJ/AZ-80) 
ing(TC514256AP/AJ/AZ-10) 

at cycle end allows two- 
selection 
CAS before RAS refresh, 
Hidden refresh, and 
pability 

puts TTL compatible 
/8ms 
Plastic DIP: TC514256A? 
Plastic SOJ: TC514256AJ 
Plastic ZIP: TC514256AZ 



BLOCK DIAGRAM 



A0 ( 
Al < 

A2 < 



A5 O— j 
A6 O-J 



CQUJMK 

ADDRESS 

KJFFERi 



REFEESr 

contr 



1/02 1/02 1/03 1/04 



2/; 






DATA O'J 
FJFFEH 



f—O Or, 



ffer(9) [ 
ifresk M 



REFRESH 
COUNTER(9) 



ADDRESS 
BUFFER ( 9 ) 



N0.1 CLOCV. 
GENERATOR 



cglum; 

DECODER 



SENSE AMP 
L/C 'GATE 



--- 512— 
X 4 



MEMORY 

ARRAY 

522X512X4 



SUESTPATZ 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-H7 


V 


1 


Output Voltage 


v OUT 


-l'W 


V 


1 


Power Supply Voltage 


vcc 


-l'W 


V 


1 


Operating Temperature 


TOPR 


0W0 


°c 


1 


Storage Temperature 


T STG 


-55^150 


°c 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C-sec 


1 


Power Dissipation 


PD 


600 


tnW 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=C 


W0°C) 








SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


V IL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V c(r 5V±10%, Ta«CK70°C) 



SYMBOL | PARAMETER 


MIN . 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC =t RC MIN.) 


TC 51425SAP/AJ/A2 -70 


- 


80 


mA 


3,4 


TC5J4256AP/AJ/AZ - 80 


- 


70 


TC5K256AP/AJ/AZ-10 


- 


60 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS"-V IH ) 


- 


2 


mA 




I CC3 


RAS" ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


TC 514255AF/AJ/AZ - 70 


- 


80 


mA 


3 


TC51C255AP/AJ/AZ-80 


- 


70 


T0SW235AEAJ/X2 - 10 


- 


60 


I CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=V IL , CAS, Address Cycling: t PC =t pc MIN.) 


TC 5K255 APXAJ/AZ - 70 


- 


60 


mA 


3,4 


TC 5K256 A?/AJ/X2 - 8 


- 


50 


TC5JA256AP/AJ/A2-10 


- 


40 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V cc -0 . 2V) 


- 


1 


mA 




X CC6 


CAS BEFORE RAS" REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t RC =t RC MIN.) 


TC5L«S5AP/fcJ/XZ-70 


- 


80 


mA 


3 


TC5M2S6AP/fcJ/fc2-80 


- 


70 


TC514256AP/AJ/AZ-10 


- 


60 


I KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V5 V IN 1 6.5V, All Other Pins Not Under TestOV) 


-10 


10 


uA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(D 0U T is disabled, 0V < V 0UT $ 5 . 5V) 


-10 


10 


yA 




V 0H 


OUTPUT LEVEL 

Output "H" Level Voltage (I TJT = - 5mA ) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I'ouT** -2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V cc =5VilO%, Ta=0^ 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC51^25oAP/ 
AJ/AZ-70 


TC51^256AP/ 
AJ/AZ-80 


TC5Ih256AF/ 
AJ/AZ-10 


UNIT 


NOTES 


MIN. 


MAX . 


MIN. 


MAX. 


MIN. 


MAX . 


L RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


180 


- 


ns 




tRMW 


Read-Mod if y-Write Cycle Time 


185 


- 


205 


- 


245 


- 


ns 




t PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify- 
| Write Cycle Time 


95 




100 


- 


115 


- 


ns 




t RAC Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


r CAC Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


'-AA Access Time from Cciumn Address 


- 


35 


- 


4 ! - 


50 


ns 


8,14 


l C?A 


Access Tune from CAS Precharge 


- 


35 


- 


40 


- | 50 


ns 


8,14 


t CLZ 


CAS to output in Low-Z 





- 





- 


oj - 


ns 


5 


t-OFF 


Output Buffer Turn-off Delay 





20 





20 


20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




l RAS 

,. ,. 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




C RASP 


RAS Pulse Width (Fast Page Mode) 


70 


100,000 80 


100,000 


100 


100,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


20 


- 


25 | - 


ns 


t CSK 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




r CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




l RCD 


RAS to CAS" Delay Time 


20 


50 


20 | 60 


25 


75 


ns 


13 


t-RAD iRAS to Column Address Delay Time ! 15 


5 ^ 


15 | 40 


20 


50 


ns 


14 


r CR? ICAS to RAS Precharge Time | 5 


s| - 


10 | - 


ns 




-CPN CAS Precharge Time | 10 


- 


10 1 


15 


- 


ns 




ICA.S Precharge Time 
t rP i b 

j(Fast Page Mode) 


10 


- 


10 


- 


10 


- 


ns 




r ASR |Rov Address Set-Up Time 





- 





- 





- 


ns 




r RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




t ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




tCAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




z AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t RAL 


Column Address to RAS" Lead Time 


35 


- 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




L RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


TC514256AP/ 

AJ/AZ-70 


TC514256AP/ 
AJ/AZ-80 


TC514256AP/ 
AJ/AZ-10 


UNITS 


NOTES 


MIN. ! MAX. 


MIN. 


MAX . 


MIN. MAX. 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





.- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- | ns 




t WCR 


Write Command Hold Time 
referenced to RAS" 


55 


- 


60 


- 


75 


- 


ns 




typ Write Command Pulse Width 


15 


- 


15 


- 


20 


" 


ns 




t RWL | Write Conjnand to RAS Lead Time 


20 


- 


20 


- 


25 J - 


ns j 


t CWL Write Command to CAS Lead Time 


20 


- 


20 


~ 


25 | - 


ns 


^DS Data Set-Up Time 





- 





- 





- ! ns 


11 


£Dri 


Data Hold Time 


15 


- 


15 


- 


2 


i 
- | ns 


11 


t DHR 


Data Hold Time referenced to 
RAS 


55 


- 


60 


- 


75 


- 


ns 




^REF Refresh Period 


- 


8 


- 


8 


- 


8 | ms 




C WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 






50 


- 


50 


- 


60 


- 






^CWD 


CAS to WRITE Delay Time 


ns 


12 






100 


- 


110 


_ 


135 




12 


t RTO 


RAS to WRITE Delay Time 


- 


ns 


t AUT) 


Column Address to W 7 RITE Delay 

Time 


65 


- 


70 


- 


85 


- 


ns 


12 


t CSR 


CAS Set-Up Time 

(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




r RPC jRAS to CA!T Precharge Time 





- 





- 





- 


ns 




t . |CAS" Precharge Time (CAS before 
|RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




r ROH |RAS Hold Time referenced to OT. 


10 


- 


10 


- 1 20 


- 


ns 




t 0EA IOtT Access Time 


- 


20 


- 


20 


- 


25 


ns 




t OED JOT to Data Delay 


20 


- 


20 


- 


25 


- 


ns 




r OEZ 


Output buffer turn off. Delay 
Time from OE 





20 





20 





25 


ns 




tQEK 


OE Command Hold Time 


20 


- 


20 


- 


25 


- 


ns 





CAPACITANCE 



(V CC =5V=10%, f = lMHz, Ta=0^70°C) 



SYMBOL. 


PARAMETER 


MIN. 


MAX-. 


UNIT 


Cli 


Input Capacitance (A0^A8) 


- 


5 


PF 


C I2 


Input Capacitance (RAS, CAS, WRITE, OE) 


- 


7 


pF 


c 


Input /Output Capacitance (1/01^1/04) 


- 


7 


PF 
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NOTES: 



1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltages are referenced to V*SS. 

3. I ccl , I CC3 > I cc4 , I cc6 depend on cycle rate. 

4. ^CC1» ^CC4 ^ e P en c on output loading. Specified value are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

t. AC measurements assume tT=5ns. 

?• Vjp^min.) and Yip (max. ) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj^. an ^ ^IL« 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. t off (max.) and tgr^max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t^cR or t RRK must De satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in Read-Mocify-VJrit e cycles. 

12. M\ 7 CS> t R\\ r D» ^CWD an ^ t AU T D are nat restrictive operating parameters. They are in- 
cluded in the "data sheet as electrical characteristics only. If turjc = ^WCS ( m i n « ), 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRUT) = tRypdnin.), t'cwD = tcWD(min. ) 
and t .^VJD = t AV.T)( IT: i n • ) > tne cycle is a Read-Modify-write cycle and the data out will 
contain cata read from the selected cell; If neither of the above sets of con- 
ditions is satisfied, the condition of the data out (at access time) is in- 
determinate. 

13. Operation within the tRfjl)(max.) limit insures that tj^c(max.) can be met. 
t^Qj)(max.) is specified as a reference point only: If t^Qj) is greater than the 
specified t^Qp(max.) limit, then access time is controlled by trj A Q. 

14. Operation within the tp_£j)(max.) limit insures that t^Qimayi.) can ~ be met * 

t raj) (max.) is specified as a reference point only: If t-gj^ is greater than the 
specified tpj^Cmax.) limit, then access time is controlled by t^. 
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READ CYCLE 



V IL 



L RC 



t RAS 



I X CSH 



X R CD 



?ASR_ 



"IH —7 



_ t RAD. 



ROW 

ADDRESS. 



s 



COLUMN 
ADDRESS 



/ 



L RSH 



X RP 



] r CRP 



X. 



£_7 



W///////////////////////////////K 




I/O 1-1/04 



WRITE CYCLE (EARLY WRITE) 



IIVTll _„ llT II 



V IH 



"tRC 



L CSH 



X RCD 



tp^gp 



LEZ_ 



CAS 



V IH — 



r 



— Sz^ 



?ASR 



itRAP 



ROW " 

ADDRESS 



^ 



C CAS 



X RAL" 



X CRP 



K 



T 



COLUMN 
ADDR7 



Mr W!/////l//l//////l/ll////l//ll!//K ~ 



r^wcsl 



WRITE 



IIIZTMMMZM 



x wp 



"tCWL 



X WCK 



1 | NCR 



kiinniiiniiiiiiiiiiiiiiiiiiiiiDiiii. 



X RWL 



*IL- 



'////////////Iff, 



X DS , 



lEHEL 



I/01-V04 



V IL — 



-j^VALI D DA TA - IkJ- 
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TC51 4256AP/AJ/AZ-70, TC51 4256AP/AJ/AZ-80 
TC51 4256AP/AJ/AZ-1 



WRITE CYCLE (OE CONTROLLED WRITE) 



RA§" 



"IL- 



VlL— - 




t RAS 



^CSH 



t RAD 



EjSAfl 



£ 



t RSH 



L CAS 



L RAL 



X RP 



K 



£Z7 



?V ^ ADDRESS jy^// 



////////; 



MMIK 



t RWL 



WRITE v 



^ Z 7//////M/////^^^ 



OE 



£/01~l/04 



V IH — 7 



V IH' 



3 ©M 




jpEH-i 



^/////////////////////////////////m 



x m 



IVALIB DATA -I 



T V/////////////////////////////////, 

"H" or "L" 



READ-MODIFY-WRITE CYCLE 



VlB— - 



X RW 



t R/.£ 



[ , t RCD 



RAH X ASC 



"^CSH 



i£S£ 



C CA£ 



AO-A8 



WRITE 



V IH" 



ROW ' 
ADDRESS, 



//AT COLUM 
ADDRES, 



tRF 



T 



ir ^///////////^/////////////////////M 



X BJJ) 



^RWD 



*IL' 



*AA 



S z '/////w//////////////$ri /T 



OEA I 



X/01-I/04 



VI/OH 

VI/OL — 



OED 1 



— w 

C CL2 ' 



VALID 
JDATA-OUT 



"tCWL 



t RWL 



■**—&/////////////////, 



tDH 



VALID 
DATA-IN 
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FAST PAGE MODE READ CYCLE 
Vih— " 



RAS 



VlL" 



"t 



£22. 

vih— IT 1 



t RASP 



"tRCD 



tRAD 



A0-A8 v 



^: 



"tCAS 



L CSH 



LEC_ 



t CP . 



I ^CS j. 



WRITE 



^- ynnmnr 



L RCH 1 



V/ A. ADDRESS K / A7^iDDRESS fV/7^ / 



t RSH 



t RP 



L- 



JpRCS 




^ 



COLUMN 

APPRESS 



3MK 



W//////////////fi r 



t HAC 



I/O 1-1/04 V 0H — - 

vol — 



FAST PAGE MODE WRITE CYCLE 
vih- 



v~t 



L .,.,,,, . r OEA 



k)Fr 



VALID ' 
DATA-OUT, 



j LrRcs. 



V" 



^£= 




L^OEZ 



VALID " 
TA-OUT 



^C 



t RRH 



J t RCK 



VMM 



H- 




L 0E2 



VALID X 
^TA-OUT 1 



: "H" or "L" 



RAS 



v IH — = 

VlL— \ 



t CJRP 



V IH- 
VlL- 



:f 



tRASP 



* ROD 



tCSB 



X RAH 



v ih— 77Xfi5W 



A0-A8 v IL /// \hVD 



X AgC| 



M 



c ?c 



^ 



^HP , 



'CAH 



WRITE V IH 
VlL 



vih 



"tRAD 



COLUMN 
ADDRESS £ 



fosg 



/~nt 



-CAP | 



COLUM 
ADDRES 



llfe2 



t ASC 



tWCS, 



Z ^^Mv L 



"tCWL 



1W£S_ 



*WCH 



t wp 



/» 




X RSH 



X RP 



fr. CRP . 



ZllT 



"tRAL 



p CAKj 



COLUMN 
APPRggB 



XCWL tWCS H* 



^WCH, 



X WP , 



^Mb 



t CWL 



r RWL 



, L WCB , 



t WP' 



////////////////// 



,:z w/////////////////////////////////m 



1/01-1/04 



V IH . 
VlL" 



^DS. 



~ wwx 



E£sJ 



(ipj 



tpK 



VALID 
DATA-IN 



wrm f^^m fp ^^W7m7rmw; 
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FAST PAGE MODE READ-MOD IF Y-WRITE CYCLE 



RAS 



V IH' 
VlL- 



^ASH 



t RAST 



iRCJl 



^RAlg 



t RAH 



A0-A8 " IH //%*% 

V IL ///J- . 



^ASC 



VlH~ 
VIL — 



OE 



V IH 



I/Ol V2/OE - 
1/04 VI/OL ' 



t RC 



RCS 



tpRMW 



\s 



L C AS 



-CAH 

n3 



CP 



r ASC 



r CAS I J= a 



COL 

ADD 



X CLZ 



iCAFj 



LESE_ 



^SC. 



tCAS 



!zi7 



I [ 



IKrp. \ 



WZZZZMMMMZmWZMMMZL 



z nwD 



t CWD 



u 



X A£ 



t OEA 



r— ' pOE D 



CA£ 
iOEZ 




fCWL 



L CAC 



j^DH 



OUT 



^CWD 



tCWL 



Less ^Vj 



X WP 



t OEA 



U 



W. 



tQEZ 



/ 



-CPA 



t CWD 



"Cawd 



u 



-OEA 



^CAC 



X AA 



I^DH 



)C3 



•QEI 



"t-cLr 



PRW 



H 



^CWL 



-0E2 



X DK 



IK 



7/M: "H" or "L" 
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RAS ONLY REFRESH CYCLE 






\ 



7 



X RAS 



C RP 



\ 



^KPr 



\7 



;;::^SPpg 




$& 



Note: WRITE, OE="H" or "L" 



"H" or "L" 



CAS BEFORE RAS REFRESH CYCLE 



C RP 



tRPC 



CAS 



I/01-I/04 



'IH 



V H 



1 



t OFF 



"> 



t CHR 



E RC 



t RAS 



X RP 



f 



Note: WRITE, OE, A0^A8="H" or "L" 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



RAS 



tCRF 



I/O 2 -I/O 4 



t RC 



LBJL. 



X RAS 



^ 



t RSH ^ 



t CAH 



t RP . 






t CHR 



./ 



C CRP 



"n 



?zWi^ m^!//////////////////////////////////////M 




f t RRK 



1 



777 



7M 



Wlllllllllllllllllllh 



VALID DATA-OUT 



777] : *'H n or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



IZZL. 



^Vs.C, 



L RAS 



X RAS 



r~\ 



i 

1 I^RSH 



X ASR| 



*rj 



, r RAD . 



r ASC 



"ik // //y row 



-t;j:- 



h- 






'^k l ,:;i:illlllliilili!llllliwillill!UM 



™* £ -WEMtL 



l/01~"l/04 



VlH — 77 



t wp J /// 7 // 



llllllllllllllllHllllHlllllllllllllilllli 



- ::: - JiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiuiiiJiHHijiiiuuiiiiiiii 



! VALID DATA 



t DHR 



illllllllllllllllllllllll llllllilllllllli 

VJTK : "H" or "L" 
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CAS BEFORE RAlT REFRESH COUNTER TEST CYCLE 



X RT 



VlH 



/ V 



t CHfi 



± 



\ z M fS^ j | ^ t CAP 



~ V coluv.:. \/~ 

v/// ///A- ^ Dr>HL - A ' 



READ CYCLE 



WRITE 



tAA. 



KrchI 



- - /- "/' :-/;v-///-"/ / - 



51 ; ih L Z HHi;!///!'!;,//////! 1 ;:'.'//////,'//, 



////////// 



' / / 



I/O I -I/O 4 



WRITE CYCLE 



KL ? J 



^051! 



VALID DATA-OUT 



> 



1E Z : iMllZlIMIMJliL ' ^ 



////// ///////////-7//, 



rc T.JIII!/'; i - ! / , '////!f/!//!/!lfll! ; !! l 'Uihni!l/l//!//f//i///JWl. 



1/'J4 



-f^^ 



I ' 



READ-MOD IFY-WRITE CYCLE 
V IH 



t BV,"D 



™* VI] ; Z JIIIIIIIIIIIIIIIIIIIIIIl 



™ Z Z iHHUIIHI/IHIIIIHimillHDt 



t OEA 



/////////////// 



1/02 -I/O 4 



'l/OE 
v I/OL 



t CLZ 



^DK 



-M~~MgH!3 



: "H" or "L" 



VALID DATA-OUT 
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OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



23 IP 16 2~ 26 15 14 1? 1Z 11 

n nnnnr-ir-ir-i nn 



uuuuuuu 

4 5 e 7 6 9 10 




! a2v "-aof 



U 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to Ko.l and No. 20 leads. 
All dimensions are in millimeters. 
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Plastic SOJ 



17.02 ~ 17.27 



n n n n n 



} p. 2 ~ 16 15 14 



IKDEX DOT 



l_J L_J l_ LJ L_J 



u u u u u 

9 10 ±1 12 13 



^; 



,066-061 




041-060 11 



¥» 






/// 

,77 



nach lead pitch is 1.2 7mir. . 

All d intensions are in millimeters. 
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Plastic ZIP 



Unit in mm 

















2 63MAX. 














c 


INDEX DOT 

/ 


\ 


/ \ 


/ \ 


/ V 

G 


V V 

5±Q1 


v \ 


/ \ 


1 

i 
Y 


t 

[/ V V V V V 

12-77 YT. 


V V V 



3.0 MAX ■ 



^ 



13 5 7 9 11 13 15 17 19 



2 4 6 8 12 14 16 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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DESCRIPTION 



TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 



The TC514256APL/AJL/AZL is the new generation dynamic RAM organized 
262 , 144 words by 4 bits. The TC514 256APL/AJL/AZL utilizes TOSHIBA'S CMOS 
Silicon gate process technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514256APL/AJL/AZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SO J , and 20/19 pin plastic ZIP. 
The package size provides high system bit densities and is compatible with 
widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V 10% tolerance direct interfacing 
capability with high performance logic famillies such as Schottky TTL. 



FEATURES 
•262,144 word by 4 bit organization 
•Fast access time and cycle time 





TCS14256APL//UI/AZL-70/-80/-10 


tRAC RAS Access Time 


70ns 


80ns i 100ns 


tAA Column Address 
Access Time 


35ns 


i 
40ns I 50ns 


tCAC CAS Access Time 


20ns 


20ns 


25ns. 


tRC Cycle Time 


130ns f 150ns 


190ns 


tPC Fast Page Mode 
Cycle Time 


40ns I 45ns 
i 


55ns 

i 



Single power supply of 5V 10% with 
a built-in VBB generater 



PIN CONNECTION (TOP VIEW) 



Plastic DIP 

1/02 [2 19 ] i/04. 



Plastic SOJ 



77RI7E[ 3 

ra£[ * 

N.C. C 5 
A0[ 6 
Alt 7 
A2C 8 
A3C 9 
vcc t 10 



] i/03 
]CE 



13 
17 
16 
lSt]A8 



]A7 
] A6 
]A5 
3A4 



L^oiHr" 

1/02 C 2 

^?.ITE[ 3 

HAS [ 4 

N.C.C 5 

A0[ 9 
AlC ID 
A2[ U 
AoC 12 
VCC I 13 



<fi ] v ?s 
25 ] L/04 
24 ] Vt'3 

23 3 ca2 
22]3S 



]A8 

3a7 

]A6 
3 A5 
3A4 



Plastic ZIP 

CE " 

A2 ' 

VCC ". 

A5[ 

A7 



1 






AJ 


r-~ 


CAS 


'^ i 








i.4 


^04 


:r J 


<J5 


1/01 


zzz\ 


!? 


• •r. i i.t 


_iiJ 
















Al 
A3 


j3 


L4a 

ri=i 


A4 
A6 










Lap. 


A8 



PIN NAMES 



A0 ^ A8 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WRITE 


Read /Write Input 


o¥ 


Output Enable 


1/01 ^ 1/04 


Data Input/Output 


vcc 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 



• Low Power 

440mW MAX. Operating (tc514256apl/ajl/azl-70) 
385mW MAX. Operat ing (tc5U256apl/ajl/azl-80) 
330mW MAX. Operat ing (tc5i4256apl/ajl/azl-io) 
1 . lmW MAX. Standby 
•Output unlatched at cycle end allows 

two-dimensional chip selection 
Read-Modi fy-Write, CAS before RAS 
refresh, RAS-only ref resh,Hidden 
refresh, and Fast Page Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycle/64ms 
Package Plastic DIP : TC514256APL 

Plastic SOJ:TC514256AJL 
Plastic ZIP:TC514256AZL 



BLOCK DIAGRAM 



o o 



AD C 
Al C 
A2 C 
A3 C 
A4 C 
A5 C 
A6 C 
A7C 
A8 C 



i 



U CCUJ5.1N 

9 ) ADDRESS 
1 a™FE?.(9) 



FEFRESH 
CONTROLLER 



REFRESH 
C0UNTER(9) 



9 r~ COUNT) 

1 jj PC'W 

' a norm 



PC'W 

ADDRESS 
EU?FER(9) 



1/01 I/'02 1/03 V04 

I f ? 1, 



DATA IN 



T 



NO. 2 CLOCK 

C£* iEFATOR — , 



LATA j" 



J 



- CGL12.N 

-V DECODER 



SEL'SE AM? 
I/O GATE 



::o.i clock H 

GENERATOR 



vie 



512 



— 512- 

X4 



ARRAY 
512X512X4 



G'CcS lFAirj BlAis 

3e:--e?atcr 
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ABSOLUTE MAXIMUM RATINGS 










ITEM 


SYMBOL 


RATING 1 


UNITS 


NOTES 


Input Voltage 


, VIN 


~ -1-7 1 


V 




Output Voltage 


VOUT 


-1-7 I 


V 




Power Supply Voltage 


VCC 


-1-7 i 


V 




Operating Temperature 


TOPR 


0-70 ! 


°C 




Storage Temperature 


TSTG 


-55-150 ! 


°C 




Soldering Temperature 'Time 


TSOLDER 


260 • 10 | 


°C • sec 




Power Dissipation 


PD 


600 | 


mU 




Short Circuit Output Current 


IOUT 


50 i 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta=0-70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


"Vex 


Supply Voltage 


\ 4.5 ^ 


5.0 *" 


^.5 


V 


r 2 


VIII 


Input High Voltage 


2.4 


. 


6.5 


V 


2 


VIL 


Input Low Voltage 


-1.0, 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta-0 -70°C) 



SYMBOL' I PARAMETER I MIN. I MAX. | UNITS I NOTES 


led 


OPERATING CURRENT 

Average Power Supply Operating Current 

(MS, CAS, Address Cycling: tRC=tRC MIN.) 


TC514256APL/AJL/AZL-70 


- 


80 


mA 


3,4 


TC514256APL/AJL/AZL-80 


- 


70 
60 I 


TC514256APL/AJL/AZL-10 


- 


Icc2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VIH) 


- 


2 


mA 




Icc3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 


TC514256APL/AJL/AZL-70 


- 


80 


mA 


3 


TC514256APL/AJL/AZL-80 


- 


70 


TC514256APL/AJL/AZL-10 


- 


60 


Icc4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(T?SS=VIL f "CAS, Address Cycling: tPC=tPC MIN.) 


TC514256APL/AJL/AZL-70 


- 


60 


mA 


3,4 


TC514256APL/AJL/AZL-80 


. 


50 . 


TC514256APL/AJL/AZL-10 


- 


40 


Icc5 


STANDBY CURRENT 

Power Supply Standby Current 

(MS=CAS=Vcc-0.2V) 


- 


200 


UA 




Icc6 


CAS BEFORE M> REFRESH CURRENT 

Average Power Supply Current, W> Before 

MS Mode CM, CAS Cycling: tRC=tRC MIN.') 


TC514256APL/AJL/AZL-70 


- 


■80 


mA 


3 


TC5 1 4256APL/AJ L/AZL-80 


- 


70 


TC514256APL/AJL/AZL-10 


- 


.60 


Icc7 


BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 

(m=m Before KfiS Cycling or 0.2V, UE=Vcc-0.2V, MTE=Vcc-0.2V or 

0.2V, A0-8=Vcc-0.2V or 0.2V, I/01-4=Vcc-0.2v, 0.2V or OPEN: 

tRC=125/£S,tRAS=tRAS MIN. - 1/is) 


- 


200 


HA 


3,5 


IKL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV ^VIN ^ 6.5V, All Other Pins Not Under Test=OV) 


-10 


10 


UA 




IO(L) 


OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV ^VOUT^Vcc) 


-10 


10 


UA 




VOH 


OUTPUT LEVEL 

Output "H" Level VOLTAGE (I0UT=-5mA) 


.2.4 


i 


V 




VOL 


OUTPUT LEVEL 

Output M L" Level VOLTAGE (I0UT=4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, 13=0% 70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC514256APL 
-70 


TC514256APL 
-80 


TC514256APL 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


180 


- 


ns 




tRMW 


Read-Mod if y-Wr it e Cycle Time 


185 


- 


205 


- 


245 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tPRMW 


Fast Page Mode Read-Modify- 
Write Cycle Time 


95 


- 


100 


- 


115 


- 


ns 




tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


tAA 


Access Time from Column Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


t CPA 


Access Time from CAS Precharge 


- 


35 


- 


40 


- 


50 


ns 


8,14 


t CLZ 


CAS to output in Low-Z 





- 





- 





- 


ns 


5 


tOFF 


Output Buffer Turn-off Delay 





20 


ft 


20 





20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




t RAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




C RASP 


RAS Pulse Width (Fast Page Mode) 


70 


100,000 


80 


LOO, 000 


100 


100,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




t CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




t RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


tRAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


20 


50 


ns 


14 


tCRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


10 


- 


ns 




t CPN 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 




C CP 


CAS Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


10 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




C RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




t ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




tCAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C RAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




t RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC 


OPERATING CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


TC514256APL 
-70 


TC514256APL 
-80 


TC514256APL 
-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




C WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




tt^P 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




tCWL 


Write Command to CAS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




t DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


tDHR 


Data Hold Time referenced to 
RAS 


55 


- 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


64 


- 


64 


- 


64 


ms 




t WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


tCWD 




50 


- 


50 


- 


60 


- 


ns 


12 


CAS to WRITE Delay Time 


tRWD 




100 


- 


110 


- 


135 


- 


ns 


12 


RAS to WRITE Delay Time 


c awd 


Column Address to WRITE Delay 
Time 


65 


- 


70 


- 


85 


- 


ns 


12 


C CSR 


CAS Set-Up Time 

(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




t RPC 


RAS" to CAS* Precharge Time 





■ - 





- 





- 


ns 




t CPT 


CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




tROH 


RAS Hold Time referenced to OE 


10 


- 


10 


- 


20 


- 


ns 




tOEA 


OE" Access Time 


- 


20 


- 


20 


- 


25 


ns 




t OED 


OE to Data Delay 


20 


- 


20 


- 


25 


- 


ns 




t OEZ 


Output buffer turn off Delay 
Time from OE 





20 





20 





25 


ns 




tQEH 


OE Command Hold Time 


20 


- 


20 


- 


25 


- 


ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Gil 


Input Capacitance (A0^A8) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CAS, WRITE, OE) 


- 


7 


pF 


c 


Input/Output Capacitance (1/01^1/04) 


- 


7 


pF 
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NOTES: 



1. Stresses greater than those listed under "Absolute Maximum Ratings 11 may cause 

permanent damage to the device. 

2. All voltages are referenced to Vss« 

3 - ^Cl* I CC3» I CC4» I CC6 depend on cycle rate. 

4. IcCl» *CC4 depend on output loading. Specified value 
output open, 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 

cycles are required. 

6. AC measurements assume t^-Sns. 

7. Vj^(min.) and Vj^Craax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh an d Vjl« ° 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF^ max ») an d tQEz( max *) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t^^jj or t^Rji must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write cycles. 

12. twcs> tRWD* t-CWD an d ^AWD are not restrictive operating parameters. They are in- 
cluded in the data sheet as electrical characteristics only. If t^S = tWCS^ 111 * 11 ' ) 
the cycle is an early wirte cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tR^D = tRWD(min. ) , tcWD = tcWD(min.) 
an d tAWD = tAWD( m i n ' ) > the cycle is a read-modify-write cycle and data out will 
contain data read from the selected cell: If neither of the above sets of con- 
ditions is satisfied, the condition of the data out (at access time) is in- 
determinate. 

13. Operation within the tRCD( max *) limit insures that tj^^(max.) can be met. 
t£££,(max.) is specified as a reference point only: If t-gQj) is greater than the 
specified t^n(max.) limit, then access time is controlled by t CA Q. 

14. Operation within the tj^])(max.) limit insures that tRAC( max ») can be met. 
t RAD (max.) is specified as a reference point only: If t^p is greater than the 
specified tj^^(max.) limit, then access time is controlled by t^. 
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READ CYCLE 



V IL" 



*IH ' 

'IL 



'IH 
'lL 



?ASR_, 



r RAS 



'WK 



not 



L ASC 
t RAH 



ROW 

VADDRBSS. 



r CAS I 



£Z7 



COLUMN 
ADDRESS 



\ 



W////////////////////M M1 



III -MMMW 



1— 



o 

r RAC ! 



I/O 1-1/04 



. t RCH 



W//////////////M 



10 v IL — ///////////////// I t R0H V//////////////////// 

^ iiiz m////////////M^m\^\ M//////////////////////JMf 

O 1 , tCAC t OFF , 



t 0EZ 



VALID DATA-OUT 



* 



WRITE CYCLE (EARLY WRITE) 



: "H" or "L" 



|....^CRP_ 



'IH 



Hh 



I 



^ASR 



/ IH J 

'IL-I 



wm . 



t RAS 



t pp 



r AR 



X 



V 



L RCD 1 



ROW " 
ADDRESS 



'iL- 



: ^ah T \ Mr 



^RSH 



tCRP 



-r~y 




C RAL" 



COLUMN 
ADDRESS 



y/miHiimiiiiiiiiiiniifiiiiiM T' 



tffp 



"tWCR 



^CWL 



tWCH 



zi/i//iiii/iini/////nnu/nii/i/nm, 



T RWL 



— v IH — 7 
OE 

V IL 



l 1 ^//////l/////li///,1//!l///////l//l//////ll/l//!///W!///l///////JTm 



C PKR 



^DS , 



t DH 



I/O 1-1/04 



VlH ' 



-ffvALID DATA-InV 



OPEN 
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WRITE CYCLE (OE CONTROLLED WRITE) 



'IH ' 



Tt 



L CRP 



Vil — / 



C RAS 



C RP 



L CSH 



C RCD 



"IL" 



ROW 
~DRE3S 






f 



C RSH 



C CAS i 



JC3T" 



Lhal_ 



-J 



COLUMN 
ADDRESS 



MR 



hmmk 



'ih — 77 



WRITE v IL . 



ZZ ' //////////////// W 



>////////////l//////////7nr^^J/////////////l//////////////l////, 



^OEH^i 



W////////////////////////////////// 



L DH 



I/O 1-1/04 



> — wm7n$»™ — w/////////////t//////!i/////////, 



m ■■ mh ' 



llrrtl -.— . llT M 



or L 



READ-MODIFY-WRITE CYCLE 



vil- 



Z BMN 



It 



r RAS 



'IL" 



*IH • 



; RAK t AS 



it 



! r RP r I 



r RSH 



?CR? 



^ CA S 



^CAH 



////; SLaddress 



vil — 

V 



^RAD 



-rr 



COLUMN 
ADDRESS 



1 JJ//////////////////////////////////M 



5oea 



™- '/llI/f;//l/il//iiiil///!;)£ 



I/O 1-1/04 



VI/OH 

VI/OL — 



c OED 



VALID 
DATA-OUT 



HC 



£p_s 



r CWL 



"tRWL 



t WP 



-/////////////////// 



VALID 
DATA-IN 



z 
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FAST PAGE MODE READ CYCLE 



V IH— a r 



t RASP 



t RCD 



Tt 



r CAS 



■f— Vf 



tQp 



WRITE 



iiizwzw 



OT HlzWMMMtz 



W 



mwm: 



I/01-V04 



tQpp 



VALID II 
DATA -OUT J 



t CL? 



m wrim^A m ////////// 



r RSK 



./~K 



-O" 



t ASR J t Asq, Jcap v . j lS^ ^cah j ^asc _^caHj 

t RCSt t | ^RCH I ,i I [, t RCS I n tRHR a J tRCH 



t RRH 



M^ 



VM DATA- OUT/ 



} t OFF 



VALI 
DATA-OUT 



UT_JT 



"H" or "L" 



FAST PAGE MODE WRITE CYCLE 



tRASP 



VIH ~ X- 



t CRP 



'IH- 



t ASR 



t AH 



tpSK 



t RAH 






tRAD 



7M 



C CAS 






■_CAH. 



COLUMN 
ADDRESS 



t WCS. 



WRITE V IH- 
V IL- 



VlH. 



7/////////A : 



fASC 



-j^r — V- 1SAS -^ r ~ ;f ~t f tCAS • ]/7° — 



t C AH 



COLUMN 

ADDRESS 



t ASC 



^CWL 



^WCS 



t WCH 



^/» 




tpgpf 



?CAH.| 



COLUMN 

ADDRESS 



tCWL | tWCS 



I 



X 



. tWQH, 



Mum 



t CWL 



r RWL 



^WCH. 



^J////////////////, 



C DHR 



f£§* 



*»-*» Z : «^nrpp^ 



ins. 



.tpH. 



VALID 
. DATA- 1 



7 $//////////////// 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



RAS 



I/Ol VI/QH 

\ 

1/04- VI/OL 




T/Jl i "H" or "L" 
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RAS ONLY REFRESH CYCLE 



RAS 



'IH- 



VlL" 



\ 



J 



}kSR 



zzwM^m 



m& 



C 3A S 



tflp 



X 



^Rpq , 



XJ 



K 



Note: WRITE, OE="H" or "L" 



7//\ i "H" or "L" 



CAS BEFORE RAS REFRESH CYCLE 



I/O 1-1/04 



V IL- 



'IH 



V 0H 



U RP 



t RPC 



r CPN, 



\ 



tCSR 



\ 



t 0FF 

1 



h££_ 



T RAS 



i 



W///////////, 



Note: WRITE, OE, A0^A8="H" or n L" Y//\ : "H" or "L 
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HIDDEN REFRESH CYCLE (READ) 



HAS 



'IL— - 



"IL- 



t CRF 



"CRC 



Z RC 



A0-A8 



t ?,AD 



RAH 



ROW 
ADD 




_ v m-77 

° E V TT _// 



I/O 1-1/04 



tRCSl 



n 



t CAH 



^RSH . 



COLUMN 
ADDRESS 



- Z-JMMW 



m 



tnz 



tRA.S 



3T^ 



.^CHH 



K 



•lllllllllllllll, 



ft 



VALID DATA-OUT 



23 • "H" or »L» 
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HIDDEN REFRESH CYCLE (WRITE) 



RAS 



'IL 






VlH — 
VlL ~" 



LS£_ 



i I 



C RAD . 



f^AH 



ROW 
_ADD 



Rl 



^CAH 



tv{(2 



- HCHR_ 



^ CRP 



K 



COLUMiN 
ADDRESS 



M 



"^WCg 



v IH -7 



WRITE V IL 



% 



wmwi 



K 



^WCH 



ill 



w 



I/01-I/04 



Z-Jlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllli 




t DS >H t DH 




::: z'l/ind 


VALID DATA 


Wlllllllllllllllllllllllllllllllllllllll, 




t DHR 


HIl : "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



V IH — 
V IL — 

VlH — " 



VlL 



t CHR 



U CPT 



-J 



A0-A8 



READ CYCLE 



VlL 



Z'UL 



WK 



AS^ 



^RSH 



± 



. r CAH 



COLUMN 
ADDRESS 



w//////////////////////////, 



fRCS 



WRITS 



v IH — 



TMMMMW 



t CAC 



2£ 



^ROH 



I/O 1-1/04 



WRITE CYCLE 



V H — 



v ih— 77 



<IL 



•miiiiiiiiiiir^ 



t CLZ 



Wllllllllllll, 



tRRHJ 



tRCHI 



^ 



l^OFF 



c OEZ, 



VALID DATA-OUT 



tRWL 



> 



r~ r 



t WCH 



iiiiiiiiiiiiiiiiiii, 



I I 



^r Jiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiih 



I/O 1-1/04 



s 



IL 

V IH — ^ 
VlL — " 



READ-MODIFY-WRITE CYCLE 
vih 



t 



VALID DATA-I 



» > 



WRITE 



V IL 



mZMMMMMT 



«:-- - mil mi mi, hi i, 



f^llllllllllllll. 



I/O 1-1/04 



'i/OH 
V I/0L 




VALID DATA-OUT 
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OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



20 19 18 17 16 15 14 13 12 11 



RlJO 



A 



U I II II II II II II II I LJ 

123456 789 10 




7.6210.25 



T ™T oa 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 20 leads. 
All dimensions are in millimeters. 
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Plastic SOJ 



17.02 ~ 17.27 



25 25 24 23 22 

p n n n n 



INDEX DOT 



t 



u u u u 

12 3 4 5 



18 17 16 15 14 

n n n n n 



U U U U U 

9 10 11 12 13 



09TYP. 



^ 



m 



,065-081 




Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 



— A-117 — 



TC514256APL/AJL/AZL-70, TC514256APL/AJI/AZL-80 
TC514256APL/AJL/AZL-10 



• Plastic ZIP 



Unit in 



26.3 MAX 



/ 



INDEX DOT 



V V 



V V V V V V 

os±oi 



vVvVvVVV 

127TYP. 



il .1 






3.0 MAX 



i^K 



025 



HO07 
-005 



2.54TYP. 



13 5 7 9 11 13 15 17 19 



ffiftffi 



ffl 



2 4 5 8 12 14 15 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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DESCRIPTION 



TC51 4266AP/AJ/AZ-70, TC51 4266AP/AJ/AZ-80 
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The TC514266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TC514266AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514266AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform- 
ance logic families such as Schottky TTL. 



FEATURES 

* 262,144 word by I bit organization 

* Fast access time and cycle time 





TC51426bAP/ AJ/AZ 
-70/-80/-10 


tRAC RAS Access Time 


70ns 


80ns 


100ns 


Column Address 
^ Access Time 


35ns 


40ns 


50ns 


r CAC CAS Access Time 


20ns 


20ns 


25ns 


t RC Cycle Time 


130ns 


150ns 


180ns 


Fast Pace Mode 
ru Cycle Time 


40ns 


45ns 


55ns 



PIN CONNECTION (TOP VI DO 

Plastic DIP Plastic SOJ Plastic ZI 

WIOl np20> VSS ^ 01 Jf^ y_ m F~~Z) 

VS/202 [J2 190^4/04 W^102[]i 2SpW4-l04W3^~~ L " ~ ' "' 
WB/XBQ3 1S(37,:l-'tc2 W5/VTE[J3 24 p V.UXl CX3 



Single power sup 
built-in V'bb ge 

Low Power 
AAOinW ?LA>;. Oper 
3C5mw MAX. Oper 
330mW MAX. Oper 
5.5mW MAX. Stan 

Output unlatched 
dimensional chi 

Read-Modify-Writ 
RAS-only refres 
Per Bit and Fas 

All inputs and o 

512 refresh cycl 

Package Plas 
Plas 
Pias 



K.CQ5 ie-3 3 

AG [6 I5|]A£ 

A2 De I3pA5 
A3 D? 12pAc 

vex: dio ilp A4 
PIN NAMES 






/;- W2-102 



_CAT 

Vjv-4/04 

elwi/o: 



_ !:/ ^biv.i we 



A0H9 I5DAS 
AlQiC 27hA7 
A5DH IcDAD 
A3[jl2 IcQAf 



a a. 

"■' :t- Oil A3 
IS; / ? _ 



: - m^ 



A0 ^ A8 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


WE /WE 


Write Per Bit/Read/ 
Write Input 


OE 


Output Enable 


W1/I01^W4/I04 


Write Select/Data 
Input/Output 


vec 


Power (+5V) 


V SS 


Ground 


N.C. 


No Connection 



ply of 5V±10% with a 
nerator 

ating(TC5U266AP/AJ/AZ-70) 
ating(TC5U266AP/AJ/AZ~80) 
ating(TC51A266AP/AJ/AZ-10) 
dby 

at cycle end allows two- 
p selection 

e, CAS before RAS refresh, 
h, Ridden refresh, Write 
t Page Mode capability 
utpurs TTL Compatible 
e s / 8m s 

tic DIP: TC514266A? 
tic SOJ: TC514266AJ 
tic ZIP: TC51A266AZ 



ELOCK DIAGRAM 



W2/I 02 V, ±/l 04 

W I/I 01 W 3/1 03 

? ? ? ? 

J i L 



J2I 



LATA - J 
EUFFEr 



WE /WE 
CASO- 



c -pO- 



No/ CLOCK 
GENERATOR 



A0 o- 

Alo- 
A2o- 
A3 0- 
A4 O- 
A5C- 
AS O- 
A7 0- 
A8 0- 



COLUMK 
AXORESS 

BUFFER 19) 



CONTROLLER 



™2-H- 



7T 



jrvkFjctESH 

ER(9> 



HP 

*-" — y iTVrVPTT.9 



ADDRESS 

BUFFER (9) 



COLUMN 

DECODER 



SENSE AJ/.ri/ 
I / GATE V 



tiz.l CLOCK 
GENERATOR 



£> 



MEMORY 

ARRAY 

512X512X4 



SUBSTRAIN FlAf 
GENERATOR 



-A-119- 



TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1 r ^ 1 


V 


1 


Output Voltage 


v OUT 


-1^7 


V 


1 


Power Supply Voltage 


v cc 


-1 % 1 


V 


1 


Operating Temperature 


T OPR 


0% 70 


°c 


1 


Storage Temperature 


TSTG 


-55 ^ 150 


°c 


1 


Soldering Temperature . Time 


T SOLDER 


260 • 10 


C C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


x OUT 


50 


mA 


1 



REC0MM 


ENDED DC OPERATING CONDITIONS (Ta=( 


D'v 70°C) 








SYMBOLl PARAMETER | M1N. 


TYP . 


MAX . 


UNIT 


NOTES 


v cc 


Supply Voltage A .5 


5.0 


5.5 


V 


2 


Vip; 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


V IL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, la-CWC 


°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc^^RC MIN.) 


TC5 142 65 AS^kW - 73 


- 


80 


mA 


3,4 


TC514266A£/AJ^2- 80 


- 


70 


TC5142 SS£&&j4£-l 


- 


60 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IK ) 


- 


2 


mA 




I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=Vtj-t: tp v c=tRC MIN.) 


TC514266AJ^^lA2-70 


- 


80 


mA 


3 


TC514266A£^j/4iZ-&0 


_ 


70 


TC5142 6&t&4j<4>Z-l 


- 


60 


I CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=Vjl, CAS, Address Cycling: tpc=tpc MIN.) 


TG534266AB<U^Z-70 


- 


60 


mA 


^ L 


T35142 56A^-X^:-S:' 


_ 


50 


TC5 2±266k%/hyAZ~l 


- 


40 


J CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V C c-0.2V) 


- 


1 


mA 




I CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: t RC =t RC MIN.) 


TC534266AB^j4i2-70 


- 


80 


mA 


3 


TC514266AB^J^Z-80 


- 


70 


TC514266A5^4 / AZ-1 


~ 


60 


^(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V < V IN < 6.5V, All Other Pins not under Test = 0V) 


-10 


10 


PA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V £ V t JT 1 5 . 5V) 


-10 


10 


yA 




V OH 


OUTPUT LEVEL 

Output "K" Level Voltage (IoUT = ~5mA) 


2.4 


- 


V 




v OL. 


OUTPUT LEVEL 

Output "L" Level Voltage (IquT = ^ • 2mA) 


- 


0.4 


V 
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TC514266AP/AJ/AZ-70, TC5 1 4266 AP/AJ/AZ-80 

TC514266AP/AJ/AM0 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=CWO°C) (Notes 5, 



6, 7) 



SYMBOL 


PARAMETER 


TC51h2o6AP 
-70 


TC5I4 2ooAP 
-80 


TC5142boAP 
-10 


UNIT 


NOTES 


MIK. 


MAX . 


MIN. 


MAX. 


MIK. 


MAX. 


tRC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


180 


- 


ns 




-RMW 


Read -Mod if y-Wri te Cycle Time 


185 


- 


205 


- 


o /. c. 


- 


ns 


! 


tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tPRMW 


Fast Page Mode Read-Modif y-Wri te 

Cvcle Time 

i " 


95 


- 


100 


- 


120 


- 


ns 




t RAC 


! Access Time from RAS 


- 


70 ; - 


80 


- 


100 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


20 | - 


20 


- 


25 


ns 


8,13 


W AA 


Access Time from Column Address 


- 


35 j - 


40 


- 


50 


ns 


8,14 


-CPA 


Access Time from CAS Precharge 


- 


35 j - 


40 


- 


50 


ns 


8,14 


L CLZ 


CAS' to Output in Lov-Z 





- 





- 





- 


ns 


5 


r OFF 


Output Buffer Turn-Off Delay 





20 





20 





20 


ns 


9 


r T 


Transition Time (Rise and Fall) 


3 


50 


3 50 3 50 


ns 


7 


t RP 


RAS Precharge Time 


50 


- 


60 1 - j 70 


- 


ns 




t RAS 


RAS Pulse Width 


70 


] 0.000 1 80 1 0,000 1 100 | 3 0,000 


ns 




t RASP RAS Pulse Width (Fast Page Mode) 


70 


100,000 1 80 (100.000 | 100 iioo.ooo 


ns 




t RSH 


RAS Fold Time 


2 


- 1 :o 


- 


25 ; - 


ns 




t CSK jcXS Hold Time 


70 


- | 80 


100 


- 


ns 




t CAS 


CAS Pulse Width 


20 


io.ooo 20 


3 0.000 25 10.000 


ns 




tRCD RAS to CAS Delay Time 


20 | 50 


20 


nO | 25 75 


ns 


13 


t RAD !^AS re Coluir.r. Address Delay Time 


15 35 f 15 40 ! 20 50 


ns 


14 


t CRP ICAS to RAS Pre charge Tine 


5 i - j 5 | - 


5 I - 1 ns 




t CPK ICAS Precharge Time 


1.0 | - i 10 | - 


15 j - 


ns 




t CP JCAS Precharge Time (Fast Page Mode) 


10 


- j 10 | - 


10 


- 


ns 




t ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




r RAK 


Row Address Hold Time 


10 


- 


10 


- 


J. 5 


- 


ns 




r ASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




-CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




r AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




U RAL (Column Address to RA.S Lead Time 


35 


- 


40 


- 


50 


- 


ns 




t RCS JRead Command Set-Up Time 





- 





- 





- 


ns 




t RCE 


Read Command Hold Time 





- 





- 





- 


ns 


10 


t RRH 


Read Command Hold Time 1 
referenced to RAS | ^ 


- 





- 





- 


ns 


10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED 


AC OPERATING CONDITIONS 


(Continued) 




SYMBOL 


PARAMETER 


TC51A266AP 
-70 


TC51A266AP 
-80 


TC51A266AP 

-10 


UNITS 


NOTES 


MIK. |MAX. 


MIK. 


MA): . 


MIK. 


MAX . 


HjCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




Hjcr 


Write Command Hold Time referenced 
to RAS 


55 


- 


60 


- 


75 


- 


ns 




tWP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




t RV. T L 


Write Command to RAS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




C CWL 


Write Command to CAS Lead Time 


2 


- 


20 


- 


25 


- 


ns 




C DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


^DH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


^DHR 


Data Hold Time referenced to RAS 


55 


- 


60 


- 1 75 


i 
- | ns 




l REF 


Refresh Period 


- 


8 


- 


8 


- 


. S 1 ras 




t WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


t CWD 


CAS to WE Delay Time 


50 


- 


50 


- 


60 


- 


ns 


12 


t RK T D 


RAS to WE Delay Time 


100 


- 


110 


- 


135 


- 


ns 


12 


r AWD 


Column Address to WE Delay Time 


65 


- 


70 


- 


85 


- 


ns 


12 


t CSR 


CAS Set-Up Time(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




C CHR 


CAS Hold Time(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




tCPT 


CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 


A0 


- 


A0 


- 


50 


- 


ns 




11 ROE 


RAS Hold Time referenced to OE 


10 


- 


10 


- 


20 


- 


ns j 


t OEA 


OE Access Time 


- 


20 


20 


" 


25 


ns 




tOED 


OE to Data Delay 


20 


- 


20 


- 


25 


- 


ns 




L OEZ 


Output Buffer Turn off Delay Time 
from OE 





20 





20 





25 


ns 




t OEH 


OE Command Hold Time 


20 


- 


20 


- 


25 | - 


ns 




t WBS 


Write Per Bit Set-Up Time 





- 





- 





~ 


ns 




M-JBK 


Write Per Bit Hold Time 


10 


- 


10 


- 


10 


- 


ns 




C WDS 


Write Per Bit Selection Set-Up Time 





- 





- 





- 


ns 




tWDH 


Write Per Bit Selection Hold Time 


10 


- 


10 


- 


10 


- 


ns 




CAPACITANCE O 7 CC=5V±10% ? f-lMHz, Ta=OWO°C) 


SYMBOL 


PARAMETER MIK. 


MAX . 


UNIT 


ClI 


Input Capacitance (AO ^ AS) 


- 


5 


P^ 


Cl2 


Input Capacitance (RAS. CAS, WB/WE, OE) | 


7 


pF 


Co 


Input/Output Capacitance (W1/I01 ^ W4/I04) I 


7 


PF 
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NOTES: 



1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltage are referenced to Vgg. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t-p = 5ns. 

7. VxH( m i n -) and VxL,( max - ) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vj^ and Vj^. 

8. Measurement with a load equivalent to 2 TTL loads and lOOpF. 

9. tQppCmax.) and tQ E z(max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either tj>cH or tRRH must be satisfied for a read cycle. 

11, These parameters are referenced to CAS leading edge in early write cycles and to 
WB/WE leading edge in read-modify-write cycles. 

12 • t WCS' t RWD' t a-7D and C AWD are not restrictive operating parameters. They are 

included the data sheet as electrical characteristics only. If ty^s - tyrjg (min . ) 
the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; If t RWD ^ t RWI) (min.) , t(j^ ^ tQj D (min. ) and 
r AWD '="' t Alv r D^ min *^> t * ie cvc l e is a read-modify-write cycle and data out will contain 
data read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD( ma *-) limit insures that tp^c(max.) can be met. 
t R Q D ( m ax.) is specified as a reference point only: If tRCD is greater than the 
specified t R ci)(max.) limit, then access time is controlled by tQ^o 

14. Operation within the tj^j)(max.) limit insures that t-pj^cimax.) can be met. 
tRA£)(max.) is specified as a reference point only: If tpjj) is greater than the 
specified tj^n(max.) limit, then access time is controlled by t^. 
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READ CYCLE 



VlL- 



VlL- 



LBAf 



> 



—J 



/ 



'CRF | 



UHTK±z 



j 



Kf^H 



L CAH I 



W%~m m ^-- Wtf;;:-";...:, ,.■:;■:,-■;. >)C 



— ' 'f/'' 1 ! '.''''J' ! 


| ^vK 1 


\vM 


'///// 




//// 


- — ! 


r AA 1 i j 




i 


1 i r "' ■ ! 




-'/'//////■'/■'/h/-//''/; 


///////X" /////•'-■ 


'///// f 


'////■' 


/ //// 


'/ /// 



W1/I01— W4/I04 






> 



U CLZ 



WRITE CYCLE (EARLY WRITE) 



NOTE: D IK = "K" or n L" 

X RC 



'H" or "L" 



iSTO: 



■V 



ao ~ as 3- H - ////////fc^^ /fi t *%Ms W////' // y/y^^//''///'' / -y / ■ '■'//////. 



\ \ "rap l 



^CV/L 



^^ e v :, _ ////// 






IcSzJ 



////////////// 



-WCR 



^ vjr - j////////////////////////////////////^/////y <;;/////////////////////;///, 



///// 



DS H "iSlI L x DH t 



^— '^ v^ - H ^-IK ^ALIDDATA-I^^^ 



NOTE: D 0UT = OPEN [7//3 "K" or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 



l RC 



i t R p 



J 



! t F 



f 



\ • l RAD ,. 



^1 



■jLZJ 



A0~~A6 in /// 

v il — 'JJJ- 



•/ A- ad^IscA^. £-:£i!z$ A 



''//: >• 



L v,*Br : i^vrEH, 



L CWL 



-y/./'-x - )r~y 7/;a l - 1e — K//- ^/-v --/v /////' 



V 1H 

Vtt 



7///7///V 



L 7rT>s! Nt>B 



1 \// 'a / / / , /// " / // / /. -////// 7Z 



WI/IOl-V,- 



wmi^z~MEn^K±. 



R E AD -M D I F Y - V.T. I T E CYCLE 



Note: D OUT =OPEN |//V/j: "K" or n L" 

c rmv/ 



X 



v ik "" XT ^v* V^V" cclui.:j. V" 



WB/WE VIK /^ 



j:g -j////////////////// 



v- - ■ '■-- ■ '•-■■• ■•■■ -\" 



V.'l/I01-^'4/ / I04 






j x OEZS !~DS 



7 MM£^///////t ^/^//////7/7/lM~lM^/////^ ; //// / ////// 



v 0H — _ 

Vol. 



OPEN. 



VALID T_ 
)ATA-OUTJ 
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FAST PAGE MODE READ CYCLE 




tRASP 



C AR 



L RAD 



ROW 
ADD 




t RC£ 



WB/WE 



TZW777W 



te 



[ CAS 



t CAH 



COLUMN' 
ADDRES 



7 



r PC 



yz 



l OKA 



- ;- »m///a i 



Wl/I01~W4XT04 0H 




l CAS J= ff — a- 

'J ] 



COLUMN 

addpj 



F- 



, C CAH| t ASC 



t RSH 



t CAS \ ) 

C RAL ' 



^*^ 



tcRI 



COLUMN 
ADDRESS 



r RCS 



mum. 



rtOFF 
tQEZ 



VALID 
DATA-OUT. 



<€LZ 



) << 



ED mwm cz 



^W 



m 



t FF 



t 0E2 



VALI 
DATA-OUT. 



jj%+- 



l RPJJ 



m 



^ 



L_J toFp 



VALI_ 
1- DATA-OU 



PUT/ 



FAST PAGE MODE WRITE CYCLE 

J 



RAS 



V IH 



V IL 



t CRF 



VlL 



:jr 



A0-A8 V *H — 
Vil — 



Note: D IN ="H" or "L" 



r RASP 



TJTk "H" or "L" 



tRP 



— T\\ 



tRAH 



^ASC 



ROW 
ADD 



COLUMN 
ADDRESS 



r CP 



r CAS 



t ASC 



w m;^^0 1 $;^&yjjmm 



t CAS 



£7" 



-tCRP 



t RAL 



™* %-Mim 



W1/101-W4/104 




:^^#pHZJ^^ 



Note: D QUT =OPEN 



"H" or "L" 
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FAST PAGE MODE READ-MOD IFY-U T RITE CYCLE 



M 



X RASP 



-I^X. 



t FFJ^; 





! ^EOL, 




" CA S 






\ 








AS?" 


i 





^CAS 



I^ArO- 1 : ll CAH 



6 !:; ^mM^fT-Wmr-T/tW K, ■■....■liniinwrr 



X WBS 1 Lt^bhi 



wiyici~w^-" 



;:::x^ 



L CWP , 



! r CWD 



^AA i W W? I 



JwT 



11 A WD 



' 'iiimiiii/m !/ 



tRAC 



^T 



t AWD _ }v 1/ 



■ "OEA ! 



-CAC 



^OEZ i I-AAI 



i ' ■ ! I X DS 



$y. 






l! UcUY 



^OEI 



r DS 



i !t ^ r 



1 i ! 



::: zmmsin^sMZME 



i I 



I 



[ i s DS 



W//'.''///7//// 
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MS ONLY REFRESH CYCLE 



Vih- 



t 



^RP 



vih — - 



tRC 



t RAS 



f \ 



t RPC, 




V IL 



VlH 



"IL 



HSR t Rjg 



Wi 



Note: WB/WE, OE = Don't Care 



: "H" or "L" 



CAS BEFORE RAS REFRESH CYCLE 



vih 

VIL 



_ b 
—J- 



t KP 



W1/101-W4/104 



V H 

Vol 



^CSR 



It 



t OFE 



1" 



t RC 



£ 



OPEN 



C RP 



f V 



Note: WE/WE, OE, AO % A8 = "H" or "L" YLH X " H " ° r " L " 
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HIDDEN REFRESH CYCLE (READ) 



X .RC 



RAS 



CAS 



VlH 



VlL 



V IL — 



tCRP 




r RAS 



t AR 



t RAD r \j 



ROW 

ADD 



WB/WE 



VlH 



"il 



m 



V H — 



wva:oi-W4/i04 



vol 



' iMMir 



C CAH 



COLUMN 
ADDRESS 



t RAC 



t RP 



-OEA 



"tRRH 



tROH 



;CLZ 



—\ 



M 



L , t ^ 



2C 



iQBZ 



VALID DATA-OUT 



^QFF 



JTh : "H" or "L 
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HIDDEN REFRESH CYCLE (WRITE) 



V IH 



V IL 



VlH 
VlL 



-J 



WR/WE 



VlL — 

V IH — 
VlL — 

VlH 
VlL 

VlH 



C RC 



t AR 



U RAD 



RAH 



ROW 
ADD 




\L 



COLUMN 
ADDRESS 



r WBH t wcs 



w 



tRSH 



"tWCH 



t WP 



W 



t WDS 



W1/101-W4/104 




ffiDH ^DS 



MASK 
DATA-IN 



C DH 



VALID-DATA IN 



t DHR 



t RAS 



^RP 



tCHR 



} 



WIIIIIIIIIIIIIIIIIIIIIIIIIIM Mm 



"H" or "L" 



Note: D OUT =OPEN 
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CAS BEFORE EXS" REFRESH COUNTER TEST CYCLE 



Vik- 
Vil- 

V IH • 
VlL • 



3^\_ 



-I 



r 



£J 



COLUMN = V77 
ADDRESS -A',', 



/ //// 



//// 



READ CYCLE 



f V/B /WE 



w 



■\z 



v~ _ // ' :. : ;illlilllllillllh,;i::llilli:h 



hi, i :>/i/! : >f/!, 



¥1/101-^' 4/1 04 

WRITE CYCLE 
WB/WE 



ALID DATA-OUT )" 



L CWL 



S -£v#) f X / //////¥ 



'i ! ! .' ! t i I J I i 



^ - l i- 

*WBSj 'wdje 

i i 

read-jjodify-i-.-rite cycle | I 



x 






~MKZI^^ 



y . , . , : U "U.LAJ ±. 



''llliiililliijii 



V,n/I01~W4/I04 



OEDi 



l OEZ\ hDS 



WV val::. "\ 
j/^ ^ data-in/ 



VALID DATA-OU' 



v " JiiM!%^////////m 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC514266AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS) , latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS) , subsequently 
lat ches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter- 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. The 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hole Time specification (tR^n) nas been satisfied and the address inputs 
have been changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WF strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is ap- 
plied can be spe cifi ed by keeping Wi(/I0i) high with set-up and hold times re- 
ferenced to the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa- 
bility does not work and the write operation is performed for all four data bits. 

Data Outputs 

. The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval tR^c and tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE" controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffer are 
enabled. Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 row address (A0^A8) within each 8 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles, RAS only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the I(?C3 specification. 

CAS BEFORE RAS" REFRESH 

CAS before RAS refreshing available on the TC514266AP/AJ/AZ offers an alternate 



is ne.c 



ror che soeci; 



id period (tcSR) before R. 



refresn methoa. n v. 

goes to low, on chip refresh control clock generators and the refresn address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in- 
cremented in preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

Trie "Page-Mode" feature of the TC514266AP/AJ/AZ allows for successive memory 
operations at multiple column locations of the same row address with increased speed 
without an increase m power. This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic throughout all successive memory cycles 
in which the row address is common. This "Page Mode" of operation will not dissipate 
the power associated with the negative going edge of RAS. Also, the time required 
for strobing m a new address is eliminated, thereby decreasing the access and cycle 
times . 



HIDDEN REFRESH 

An optional feature of the TC514266AP/AJ/AZ is that refresh cycles may be per- 
formed while maintaining valid data at the output Din. This is referred to as Hidden 
Refresh. Ridden Refresh is performed by holding CAS at Vjl and taking RAS high and 
after a specified precharge period (tRP)s executing a CAS before RAS refresh cycle. 
(see Figure below,) 



v.em:?y CYCLE 



REFEXSH CYCLE 



I0I-W4/I04 



LIE DATA-OUT 



This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS" REFRESH COUNTER TEST 

The internal refresh operation of TC514266AP/AJ/AZ can be tested by ZK5 BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa- 
tion cycles. The test procedure is as follows. 

(1) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 512 times. 

(5) Check "1" out of 512 bits at normal read mode, which was written at (2). 

© Using the same column as (2) , read "1" out and write "0" in each cell perform- 
ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

(5) Check "0" out of 512 bits at normal read mode, which was written at © . 

(6) Perform the above (T) to (5) to the complement data. 
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OUTLINE DRAWINGS 
• Plastic DIP 
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Unit in mm 



20 11 

nr-rmr-irnr-rr-ir-ir-in 



R1.0 / \ 



i 11 ii 11 i J" 

10 




°- 25 -0.05 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No, 1 and No. 29 leads. 
All dimensions are in millimeters. 
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• Plastic SOJ 



17.0 2 — 17.2 7 



26 25 24 23 22 18 17 16 15 14 

nn nnrn i nnnn n , 



INDEX DOT 



£ 



uuuu u u u u u 

12 3 4 5 9 10 11 12 13 




0.6 6-0.81 




Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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Unit in mm 



2 6.3 MAX. 




1 3 5 7 9 11 13 15 17 1 
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to 
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o 
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<Ph^ 


Z 

O 




^ 


| 


no c+0.0 7 






025 -0.05 




1 


1.2 7 TYP. 








2.5 4 TYP. 



2 4 6 8 



12 14 16 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said 

circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 
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DESCRIPTION 

The TC514258AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514258AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514258AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform- 
ance logic families such as Schottky TTL. 

FEATURES 



262, 144 word by 4 bit organization 
Fast access time and cvcle time 





T C 51 425c AP/A J /A Z-7 0/-& /- 2 


t RAC RAS Access Time 


70ns 


80ns 


100ns 


Column Address 
^ Access Time 


35ns 


40ns 


50ns 


tCAC "CS Access Time 


25ns 


25ns 


30ns 


tRC Cycle Time 


130ns 


150ns 


180ns 


-„^ Static Column 
*. SC 

Mode Cycle Time 


4 0ns 


45ns 


55ns 



Low Power 
440mV MA: 

3n5mv: ma: 



Single power supply of 5V±10X with 
built-in Vg£ generator 



PIN CONNECTION 


(top view; 
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DIP 
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I/Oldl^" 


c 


50J 
D v oo 


i/o l D : 


2c 


I/O 2 D < 


19p I/O 


* L/C 2D 2 


25DIZ 


WE] TED 3 


ieD i--'o 


- Vt-Z^Zz 


24 D i/o 


KISD4 


:~bco 


RASQ4 
N.C.D5 


o? 


pes 
DoT 


K.CDc 


lep oz 


1 






ao n e 


15p A8 


AO D 9 


18 


J A8 


AlP! 7 


140 A7 
13PA6 


AID 10 

ASCll 


17 

ie 


[JA7 


a£De 


A3D12 


15 


DA5 


A3D 9 


12t3 A5 


V CC^13 


14 


JA4 


v cc rfio 


lit] A4 









v cc 

A5 

A 7 



PIN NAMES 



: .-^ 


| 










J-v> 




f- -- 


'I4 1 












iJO 


li 


Or 


i c 




— i 


!2n 




■■--i 



A 6 
A8 



A0 ^ A8 


Address Inputs 


EAS 


Row Address Strobe 


US 


Chip Select 


WRITE 


Read /Write Input 


OE 


Output Enable 


1/01 ^ 1/04 


Data Input/Output 


vcc 


Power (+5V) 


vss 


Ground 


K.C. 


No Connection 



Opera tmg(TC514 258AP/AJ/AZ-70) 
Operating (TC5U258AP/AJ/AZ-80) 

330mW MAX. Opera ting(TC514258AP/AJ/AZ-10) 

5.5mW MAX. Standbv 



Outputs unlatched at c 

two-dimensional chip 
Read -Mod ify-Write, CS 
RAS-only refresh, Hid 
Static Column Mode ca 
All inputs and outputs 
512 refresh cycles/8ms 
Package Plastic DIP 
Plastic SOJ 
Plastic ZIP 



Plastic ZIP 
Ol'[l' r .) 

^b; L 5i/c: 

/rip i7' /n 




^g write 



ycle end allows 
selection 

before RAS refresh, 
den refresh and 
pability 
TTL compatible 

TC51425SAP 
TC514258AJ 
TC514 25SAZ 



BLOCK DIAGRAM 






1/01 L/D2 1/0 5 1/04 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1 % 7 


V 


1 


Output Voltage 


v 0UT 


-1 ^ 7 


V 


1 


Power Supply Voltage 


vcc 


-1 ^ 7 


V 


1 


Operating Temperature 


Topr 


^ 70 


°c 


1 


Storage Temperature 


tstc 


-55 ^ 150 


c c 


1 


Soldering Temperature • Time 


1 SOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mVJ 


1 


Short Circuit Output Current 


lOUT 


50 


rriA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta = 0^70°C) 



SYMBOL 


I PARAMETER 


KIN. 


XYP . 


MAX . 


UK IT 


NOTES 


Vcc 


Supply Vol Lace 


4.5 


5.0 


5.5 


V 


2 


vie 


1 Input High Voltage 


2.4 


- 


6.5 


Y 


9 


VlL 


Input Low Voltage 


-1.0 


- 


0.S 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V C c=5V±10%, Ta = 0^70°C) 



SYMBOL 1 PARAMETER ! MIN J MAX .1 UN ITS 1 NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS, Address Cycling: t RC =t RC MIN.) 


TC5l425aAE/A4/AZ-70 | -. ! 80 


I 


TC51425BAP/AJ/A2-8Q ! - ! 70 


mA 3,4 


TC5I4258AP/AVAZ-10 1 - ! 60 


1 


I CC2 


STANDBY CURRENT | 

Power Supply Standby Current 

(RAS=CS=V IH ) 


2 


i 
i 

mA 


1CC3 


RAS" ONLY REFRESH CURRENT 

Average Power Supply Current, "RAS Only Mode 

(RAS Cycling, CS=Vj H : tRC =t RC MIN. ) 


TC514258AP/AJ/AZ--^) j - ! 80 


mA 


3 


TC514258AP/A7/AZ-80 1 - 1 70 


TC514258AB/AJ/AZ-10 


- 


60 


X CC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static 

Column Mode 

(PvAS=CS=Vjl ? Address Cycling: tsc =t SC MIN.) 


TC5I4258AP/AX/AZ-70 


- 


60 


, 


3,4 


OU514258AP/AJ/AZ-80 


- 


50 


mA 


TC5i4258AB^J/AZ-lD 


- 


40 


ICC5 


STANDEY CURRENT 

Power Supply Standby Current 

(RAS-CS=V cr -0.2V) 


- 


1 


mA 




*CC6 


CS BEFORE RAS" REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (PAS, CS Cycling: tR C =t RC MIN:) 


TC5 1 42 58AP/A7/AZ -70 


- I 80 




3 


1U514258AB / AJ/AZ-8D 


- i 70 


mA 


TC514358AP/AI/A2- 10 


- ! 60 


INPUT LEAKAGE CURRENT 
Il(L)|Input Leakage Current, any input (0V<Vtn<6. 5V, All Other 
iPins Not Under Test = 0V) 


-10 


10 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, 0V<V 0UT £5 . 5V) 


-10 


10 


uA 




V H 


OUTPUT LEVEL 

Output "K" Level Voltage (IoUT=-5mA) 


2.4 


- 


\ T 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IoiTT=4 . 2mA) 


— 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATI 

(V C c= 



NG CONDITIONS 

5V±10%, Ta-0 %70°C) (Notes 



5, 6, 7) 



SYMBOL 


PARAMETER 


TC514258AP/ 
AJ/AZ-70 


TC5U258AP/ 
AJ/AZ-80 


TC514258AP/ 
AJ/AZ-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


130 


- 


150 


_ 


180 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


185 


- 


205 


- 


245 


- 


ns 




tsc 


Static Column Mode Cycle Time 


40 


_ 


45 


- 


55 


- 


ns 




tSRMW 


Static Column Mode Read-Modify- 
Write Cycle Time 


100 


- 


110 


- 


135 


- 


ns 




tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CS 


- 


25 


- 


25 


- 


30 


ns 


8,13 


C AA 


Access Time from Column Address 




35 


- 


40 


- 


50 


ns 


8,14 


L ALW 


Access Time from Last Write 


- 


65 


- 


75 


_ 


95 


ns 


8,15 


C CLZ 


CS to Output in Low-Z 





- 





- 





- 


ns 


8 


tOFF 


Output Buffer Turn-off Delay 





20 





20 





30 


ns 


9 


t AOYi 


Output Data Hold Time from 
Column Address 


5 


- 


5 


- 


5 


- 


ns 




tow 


Output Data Enable Time from 


- 


20 


- 


20 


- 


30 


ns 




WRITE 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tRASC 


RAS Pulse Width (Static Column 
Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




tRSH 


CS to RAS Hold Time 


25 


- 


25 


- 


30 


- 


ns 




tCSH 


RAS to CS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




tcs 


CS Pulse Width 


25 


10,000 


25 


10,000 


30 


10,000 


ns 




tesc 


CS Pulse Width(Static Column Mode] 


25 


100,000 


25 


100,000 


30 


100,000 


ns 




tRCD 


RAS to CS Delay Time 


20 


45 


20 


55 


25 


70 


ns 


13 


r RAD 


RAS to Column Address Delay Time 


15 


35 


15 


40 


20 


50 


ns 


14 


tCRP 


CS to RA5 Precharge Time 


5 


_ 


5 


- 


5 


- 


ns 




tCPN 


CS Precharge Time 


10 


_ 


10 


_ 


15 


- 


ns 




tcp 


CS Precharge Time 
(Static Column Mode) 


10 


- 


10 


- 


10 


- 


ns 




tASR 


Row Address Set-up Time 





- 










- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-up Time 





- 





- 





- 


ns 




tCAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


_ 


ns 




t AWR 


Write Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




Z AR 


Column Address Hold Time 
referenced to RAS 


85 


- 


95 


- 


115 


- 


ns 




tRAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 




t AR 


Column Address Hold Time 
referenced to RAS Rise 


5 


- 


5 


- 


10 


- 


ns 


16 
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SYMBOL 


PARAMETER 


TC514258AP/ 
AJ/AZ-70 


TC514258AP/ 
AJ/AZ-80 


TC514258AP/ 
AJ/AZ-10 


UNIT 


NOTE 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tLWAD 


Last Write to Column Address 
Delay Time 


20 


30 


20 


35 


25 


45 


ns 


17 


C AHLW 


Last Write to Column Address 
Hold Time 


65 


- 


75 


- 


95 


- 


ns 




t RCS 


Read Command Set-up Time 
referenced to CS 





- 





- 





- 


ns 




L RCH 


Read Command Hold Time 
referenced to CS 





- 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCK 


Write Command Hold Time 
(Output Data Disable) 


15 


- 


15 


- 


20 


- 


ns 


1 2 


L WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




L WP 


WRITE Pulse Width 


15 


- 


15 


_ 


20 


- 


ns 




t WI 


WRITE Inactive Time 


10 


- 


10 


- 


10 


- 


ns 




t RWL 


WRITE Command to RAS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




C CWL 




20 


- 


20 


- 


25 


_ 


ns 




WRITE Command to CS Lead Time 


t DS 


Data-in Set-Up Time 





- 





- 





- 


ns 


11 


n DH 


Data-in Hold Time 


15 


- 


15 


- 


20 


_ 


ns 


11 


t DHR 


Data-in Hold Time referenced 
to RA£ 


55 


- 


60 


- 


75 


- 


ns 




t KEF 


Refresh Period 


- 


8 


- 


8 


8 


ms 




twcs 


WRITE Command Set-Up Time 
(Output Data Disable) 





- 





- 





- 


ns 


12 


tCWD 


CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


55 


- 


55 


- 


65 


- 


ns 


12 


tRWD 


RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


100 


- 


110 


" 


135 


- 


n c 


12 


r AWD 


Column Address to WRITE Delay 
Time 


65 


- 


70 


- 


85 


- 


ns 


12 


t CSR 


CS Set-Up Time (CS before RAS) 


10 


- 


10 


- | 10 


- 


ns 




r CHR 


CS Hold Time (CS before RAS) 


30 j 


30 


- 


30 


- 


ns 




L RPC 


RAS to CS Precharge Time 





- 





- | 


- 


ns 




t CPT 


CS Precharge Time (CS before 
RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




t ROH 


RAS Hold Time referenced to OE 


10 


- 


10 


- 


20 


- 


ns 




t OEA 


OE Access Time 


- 


25 


- 


25 


- 


30 


ns 




r OED 


OE to Data Delay 


20 


- 


20 


- 


25 


_ 


ns 




tOEZ 


Output Buffer turn off Delay 
Time from OE 





20 





20 





25 


ns 


9 


L OEH 


OE Command Hold Time 


20 


- 


20 


- 


25 


- 


ns 
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CAPACITANCE (V CC =5V±10%, f=lMHz, Ta = 0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. I UNIT 


cn 


Input Capacitance (Ao^Ag) 


- 


5 


PF 


Cl2 


Input Capacitance (RAS, CS , WRITE, OE) 


_ 


7 


Co 


Input/Output Capacitance (1/01^1/04) 


- 


7 



NOTES: 



10 

11 



12 



Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the d evict. 

All voltages are referenced to'Veg. 

Iccl, Icc3, Icc4, lcc6 depend on cycle rate, 

Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

An initial pause of 200ys is required after power-up followed by 8 RAS cycles 

before proper device operation is achieved. In case of using internal refresh 

counter, a minimum of 3 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

AC measurements assume t*r=5ns. 

VigCmin.) and Vi^dnax.) are reference levels for measuring timing of input signals. 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

tQp-pdnax.) and tQrzCmax.) define the time at which the output achieves the open 

circuit condition and are not referenced to output voltage levels. 

Either tp^-y or tpp^ must be satisfied for a read cycle. 

These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modif y-Wr i te cycles. 

t WCS' t RW T D^ t C\-JD an ^ t AW T D are not restrictive operating parameters. They are in- 



cluded in the dara sheet as electrical characteristics only. If tyr;s=t' v ;Q5( 
cycle is an early write cycle and the data out pin will remain onen circuit (high. 
impedance) through the entire cvcle: If tp\jj)> tjyvri (min . ) » t CWD = t CWD ( Wi i n * ) anc ^ 
t^v^ t^^-73(min . ) . the cycle is a Read-Mod if v-Write cycle and the data out will con- 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tprjn (max . ) limit insures that tp^r;(max.) can be met. 
tj^Qj)(max.) is specified as a reference point only: If tRCD is greater than the 
specified tRrjn (max. ) limit, then access time is controlled by tr;AC* 

14. Operation within the tjyyidnax.) limit insures that tpj\c( max -) can be met. 
t R-AD( jnax -) is specified as a reference point only: If tp^pj is greater than the 
specified tj-T^pj (max. ) limit, then access time is controlled by tuj^. 

15. Operation within the t LWAD (max.) limit insures that tpjjj(max.) can be met. tT^i/j) 
(max.) is specified as a reference point only: If tj^pj) is greater than the speci- 
fied tLy A rj(max.) limit, then access time is controlled exclusively by t/y\. 

16. tAH is the condition to latch column address when RAS has rised up. 
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READ CYCLE 



t RC 



RAS 



CS 



VlH— " 
VlL — 

v IH — - 

VlL— - 



"tCRP 



t KP 



l RAS 



tCSH 



^RCD 



VlH —71 

v IL Ll 



t RAD 



C RAH 



ROW 
ADDRESS 



1 



t CRP 



t AH 



COLUMN ADDRESS 



t RCS im 



nu —71 



WW 



r RRH 



t RCH 



WE 



t ROH 



OE 



I/O 1-1/04 



Z.ZWL 



VOH — 



r RAC 



l OEA 



OPEN 



tiiiliiilililiillilililiiiiiii. 



tQEZ 



tQFp 



VALID DATA-OUT 



WRITE CYCLE (EARLY WRITE) 



: "H" or "L 



OS 



VlH — ■■ 

VJL — 

VlH —' 

v IL — . 



\ 



t CRP 



7 



r RC 



r RCD 



t RAK 



V IH " 
VlL — - 



ROW 

\ ADDRESS 



"^ASC 



/ 



\. 



COLUMN 

ADDRESS 



Z'WMMm 



Mlllllllllllllllllllll. 



L WCH 



x WP 



%CR 



m 



™- >iiiii/iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii/iiiiiiiiiiiiiiin> 



I/O 1-1/04 



, IL __ 




(VALID DATA 



3 



"H" or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 



Vih — " 
VlL — 



cs 



vih 



f 



tRCD 



i t RAD \ 

t fiAH 



C RSH 



t CS 



t t CWL 



L CRP 



WRITE 



OE 



I/O 1-1/04 



V IL 

ViH 
VlL 

ViH 



■ miiiiiiiiiiiiiiiiiiiiiiihr*-JMi, 



■ 'iiiiiiiniiiiiiiiiiit 



t 0ED 



} — (^M r^n ^ 



t DS 



^RWL 



M 



^OEH 




*DH 



W////////////////, 



READ-MODIFY-WRITE CYCLE 



1777 : "H" or "L M 



A0—A8 



WRITE 



ViH — 
VlL — 

ViH — 
VlL — ■ 
V IH - 



C CRP 



tRMW 



t RAS 



V IL — 



I RAD 



ADDRESS 



ViH 



V IL 



*RAL 



tCSH 



t BSK 



X CS 



^CAH 



COLUMN ADDRESS 




t RP 



^CRP 



r 



2^ 



t CWD 



t RWD 



^AWD 



'lilliiiiiiiiiliiiliinliilk^T 



I/0I-I/04 



v I/OH 

v I/0L _" 



L RAC 



C CL2 



t 0ED 



^OEZ 



VALID 
DATA-OUT 



X DS 



tQWL 



r RWL 



*W? 



t DH 



\- H data^im .fry// 



1777 : "H" or "L" 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
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STATIC COLUMN MODE READ CYCLE 



nu ■ 



X ASB 



•y 



' MA'WM, %&%• OUT 



COLUMN 
AD DHLS £ 



~MM 



t . ^CF 



w 



l P,CH ! 



^ JUiiiHiil/ifn. 



. / ///////////////////////// / 



I/O 1-1/04 



r FAC 



V////// 



fr/////////A! 1/////////////// 



> 



' X CLZ 



VALID DATA-OUT 



"H M or "L" 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



V IH 

V TT , 



t 



t RASC 



dr 



tASRt j KraR. 



L CAK, 



pCAHl 



* IH //'/AT *2 W y//7A/~ccLUMK K/////V column ~y // /M.COV... 
., _ /////address^ 






c cp! ! 



■F£SS/\' ////// /////// - 
! 1 ^CPP j 



tc3F J i I RSH 1 



r^ CSC if =V ,T CSC f =V| 7^ 



t\VC£ 



|MvF 



tWIi 



^W3 



y//A: ■ itwF y / 



V IL 



\ iiliil//i , 'f/!ii l \ , llli:;iil/ih'!lilillililiih'/!i!/i/l/!l/ill!//l/!ili 



~DS j^DHi 



I/O I -I/O 4 



V IK 



:///////// ////,^T^^3 g 



/w ^^ 4ap"Sf 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



V IH 



jr^. 



?.ov. 

// y s ADDRESS 



iioluwj; 

' / / /A ALDKES 



Mi-L^s MX Mis W///////////, 



^MJirtHfiimi f 



I j 



^WI 



^ri 



;;;■; - m^m^mm^^^^mmM^ 



tDHF. 



^DS 



X DH 



//// 



1/0 2-1/04 



4 V ; T " _ ///////- i///i////^^s [/ M^MW ) ^^^ii//////fii///i 
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TC51 4258AP/AJ/AZ-70, TC51 4258AP/AJ/AZ-80 
TC51 4258AP/AJ/AZ-1 

STATIC COLUMN MODE READ-MODI FY-WRITE CYCLE 



RAS 



VlH 



"IL 



t ASR i | . , I t - 
Vth — -T77\; u ^ * ;/7 



t RASC 



V IH 
VlL ~ 



ROW 
ADDRESS 



VlH —' 



V IH 
V IL 



Vih —7 

VlL 



m 



I/O 1-1/04 Vl/0H 
v I/OL 



COLUMN ADDRESS 



P 



t OEA 



t CAC 



t OEZ 



W 



*A1M 



tftS 



t RP 



COLUMN ADDRESS 



T RWL 



i — 



^7 



\ /^ED 



t^AA 



WZr$M2Mlf, 



tOEZ 



Koe 



VALID 
DATA-OUT 



VALID VALID 
DATi-OUT DATA-IN 



T JTh : "H" or "L" 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



C^S" 



WRITE 



tRCD 



r RAH ^ASC 



*IH —J 



*il 



I/O 1-1/04 V I/0 H 



v I/OL 



+ t LWAD 



//7 r ADDRESS K /// _ ADDRESS J(/ /// ///} __ 



l AWR 



X 



f 



t ALW 



COLUMN 
ADDRESS 



M 



ffl 



t DS 



tDH 



VALID 
DATA- 



( WRITE) 



tCAC 



t CLZ 



Q/ZMh HJTE^MTl-i 



COLUMN ADDRESS 



i I 



tQ ED 



twp 



■I 



tDS 



K 



(READ) 



VALID VALID 

DATA-OUT DATA-IN 

(READ) (WRITE) 



[23 : "H" or "L" 
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RAS ONLY REFRESH CYCLE 



vj k 



/ -v/////M^ ss W/ / . "C /////: '/,>/. 



Illllilliiililll, 



7 ///' 



ninn ii , 



— 


\ Z CRP 


l 


''RAS | j 


t RPO i 


\ 




v: 


1 










J 


hhAK, 




YV 






1 





Note: WRITE, OE=Don't Care 



: "H" or "L r 



CS BEFORE RAS REFRESH CYCLE 



V IL 



1 . tRP 




1 




! X RPC i 




1 



7////////////////////////M 



I/Oi-X/04 



Note: WRITE, OE, AO ^ A8=' ! H" or "L" 



Hit!! _ _ Mt li 

: n or L 
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HIDDEN REFRESH CYCLE (READ) 



RAS 



v IH — - 



t 



VlL- 



J 



^ASR, 



V 

Vtt, — 



t AR 



ADD 
IL 



Z-THL 



V IH 



I/O 1-1X04 



W 



t RSH 



COLUMN ADDRESS 



t RP 



\ 



WML 



^oeJ 



L R0H 



IL 



1 



t OEZ 



VALID DATA-OUT 



tQPF 



77] : "H" or "L n 
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HIDDEN REFRESH CYCLE (WRITE) 



V IH 



T 



t RCD 



ROW 
ADD 



v IL —L 



VlH —71 
VlL — Li 



1/01-1/04 



COLUMN 
ADDRESS 



^WCS 






'RSH 



m 



tRAS 



J, 



r DHR 



t DH 



t 



VALID DATA-IN 



r RP 



f~A 



m 



YJJ} ' "H" or "L" 
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TC51 4258AP/AJ/AZ-1 



CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



VlL 



X 



r RAS 



t CPT 



■f 



READ CYCLE 

Vtu — ■ "• ; ; } i ' / ■' ' 

A0-A8 lh '///////// 



t CS 



y 



COLUMN ADDRESS 



jkHEEL 



X RCS 



Prrh 



WHITE 



Vn 



K 



V IL 



////.- 


■■■;■/////////////// 


////// t 




t ROK 


1 


! i X7///// 




L CAC f""* 


j r OEA 

t 


. i 


\ j l RCB 














1 






'/'///, 


/ /i/^.'/////ffi:';i 


//'////<■// 


///A— 


/ft 


' ////'//////////'/ 



I/O 1-1/04 



WRITE CYCLE 



J "t'OFF 



I h 



OEZ 



VALID DATA-OUT 



J/// /////////'// ///, 



VlH 



/^^Tf^Miri:// , , ///////////////> //////> 



VWCSl ! H'CH 



_//'• 



'/////////////.//ft: !■ 4//////W/////////////////JJ!;! 



v-- _ ; ^v///'- '\y/////////n.'/'//r/'//////- / "///////////////////////7l/7P l 

j. ii' — ■ — '"" ' »" / -" 1 ^ 1 - "'"• ■ — ■ — '•■ * *• ■ ■< '"•-«- * * ■ ■ "" ' " * ' -" ■'■■ — ■ — ' * i . ' — ' — ■ ' - ' — ' " * ■ — ■• '■ * '■' — *-* — u - j — — ■*■ '• • ■<' • •• ,j * ' — ■ — ' ' — ' " * — ' * ' * [ i * * ' "■* ' ■" ■ * • 



I/O 1-1/04 



■6 valii data-in y- 



READ-MODI FY -WRITE CYCLE 

A0-A8 in 



// 



V7^ COLUMN ADDRESS W/// ////// ///////7/ 



Vil — I 



'r'/i/,'!/;;/; ..f/^'fll;':','? 



I/O 1-1/04 






* I/OK 

V I/OL 



y^////////////////, 



l AYTD 



o / ////////////////////////////////i I / ^ 



r DE , 



J) (/ \DATA-INy - 



: "H" or n L' r 



VALID DATA-OUT 
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OUTLINE DRAWINGS 



Plastic DIP 



Unit in mm 



20 15 18 27 16 1£ 14 15 12 11 

n i — ii — ini — ii — n — i! — i i — i r-i. 



y? 



uuuuuuuuuu 

123456789 10 



24. 7 MAX . 




7,6 2±G£ 



+0 2 
025 ~O05 



u ^ 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No . 1 and No. 20 leads. 

All dimensions are in millimeters. 
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Plastic SOJ 



Unit in mm 



17.02- 17. 27 



26 25 24 23 22 

p n n n n 



INDEX DOT 



£ 



12 3 4 5 



18 17 16 15 14 

n n n n n 



9 10 11 12 13 



§a 



Q9TYP. 



1 



4=© 



Q66~G,81 



mm^MM 



U27TYP. 



wJ* 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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Plastic ZIP 



INDEX DO? 



& 



vvvvvvvv y vvv vv vvvv 

Ci£±C.I I I.2 7TYP. 



I 



(VtVWffl 



14 16 IS 2C 



ivote: i,acn leao pitcn is l.z/mmr 



All dimensions are in millimeters . 



Unit in mm 



i r 






^ 



y a^I^k 



Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 

reserves the right, at any time without notice, to change said circuitry. 



— A-156- 



TOSHIBA MOS MEMORY PRODUCTS 

TC51 4268AP/AJ/AZ-70, TC51 4268AP/AJ/AZ-80 
TC51 4268 AP/ AJ/AZ- 10 

DESCRIPTION 

The TC514268AP/ AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514268AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514268AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per- 
formance logic families such as Schottky TTL. 



FEA T URES 

* 262,1-^ word b v A bit organization 

• Fast access tirt and cvclc tirrr- 





TC514 

-70 


268AP/ 
/~80/~ 


AJ/AZ 
10 


r RAC 


RAS Access Time 


70ns | 


80ns 


100ns 


tAA 


Column Address 
Access Time 


35ns i 


40ns 


50ns 


t CAC 


CS Access Time 


25ns ; 


25ns 


30ns 


C RC 


Cycle Time 


130ns i 


150ns 


180ns 


l sc 


Static Column 
Mode Cycle Time 


-0ns 
I 


15ns 


55ns 



PIN CONNECTION (TO? VIEW) 

: DIP Plastic SOJ 



Pic 

I/O I ! 



iasric ai 



Single po\< 
bull t- in 

Low power 
440nriv MAS 
385mW MA); 
330mVJ MA>: 
5 . 5mW 

Outputs un 
rwo-dimen 

Read -Mod if 
PAS- only 
Lit , and 

All inputs 

512 re f res 

Package 



tr supply of 5V±10% w 
; BB generator 



Lh a 



. Operating (TC5K268AP/AJ/AZ-7 0) 
. Opera ting (TC514 268AP/AJ/AZ-80) 
. Opera t ing (TC51 A 268AP/ AJ/AZ- 10) 

. Standby 

latched at cycle end allows 

sional chip selection 

y -Write, CS before RAS refresh, 

refresh, Hidcen refresh Urite Per 

Static Column Mode capability 

and outputs TTL compatible 
h cvcles/8ms 



Plastic DIP 
Plastic SOJ 
Plastic ZIP 



TC51426SAP 

TC514 268AJ 
TC514268AZ 



BLOCK DIAGRAM 



n.c. Co 

AC 06 



_ba — / - 
17DCT- 



M^A-7 



2D AS 



A2d8 

as Dp 

VCC PIO Iip A4 

PIN NAMES 



RASD^ 21 n H 

AOGP I6DA9 

A1Z1C 17 Da- 
a:c: 



nCl- 



p 



A5fl7! 
A7^| 



lMv,3/v;; 



LA8A6 
^j) AS 



A0 ^ A8 


Address Inputs 


ra£ 


Row Address Strobe 


CS 


Chip Select 


UE7T7E 


"write Per Eit/Read/l?rite Innut 


or 


Output Enable 


1/01 ^ 1/04 


Data Input /Output 


V CC 


Power (+5V) 


vss 


Ground 


K . C . 


No Connection 



? f 
I t 



A0 c 

Al c 

A2 c 
A3c 
A4c 
A5c 

A5 c 



ho. 2 CLO 
GENERATC 



COLUMN 
ADDRESS 
BUFFER (9) 



'^ 



ROW 

ADDRESS 
BUFFER (9) 






1/01 1/02 1/03 1/04 
op ? ? 



\/ 



\s 



-U^F^F 



I i s\ 



tie . I CLOCK 



CCLUMl, 
DECODE] 



SENSE AMi* [/u 



lit 



I 



MEMORY 

ARRAY 

512X512X4 



SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1 W 


V 


1 


Output Voltage 


v OUT 


-1 ^7 


V 


1 


Power Supply Voltage 


V CC 


-1 ^ 1 


V 


1 


Operating Temperature 


TOPR 


^ 70 


°C 


1 


Storage Temperature 


T STG 


-55 %150 


°C 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


C C * sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70 c C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4 . 5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2 . 4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC -5V±10%, Ta=0^' 


70°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS! UNIT 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 


TC5I42 68AF/AJ/A2-70 


- 


CO 


mA 


3, 4 


TC5l426SA?/A3/AT-eO 


- 


70 


(RAS. CS, Address Cycleing: tRC=tRc MIN.) 


TC 5 1 42 6 S A?/ A J/AZ - 1 


- 


60 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V IH ) 


- 


2 


mA 




I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CS=V IH : t R c=^RC MIN.) 


TC514266AP/AJ/AZ-70 


- 


00 


mA 


3 


TC 51 42 6 8AP/A J/AZ - 80 


- 


70 


TC 51 42 6&AP/AJ/AZ - 10 


- 


60 


I CC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode 

(RAS=CS=Vj L , Address Cycling: t sc =t sc MIN.) 


TC514268AP/AJ/AZ-70 


- 


60 


mA 


3, 4 


TC 51 42 6 6 AP/AJ/AZ - 80 


- 


50 


?C5l42 68AP/AJ/ / AZ-i0 


- 


40 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V C C-0.2V) 


- 


1 


mA 




X CC6 


CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tRc=tRc MIN.) 


TC5I426 8AP/AJ/AZ-70 


- 


80 


mA 


3 


TC5 1 426 8AP/A J/AZ - 80 


- 


70 


TC5 1 42 6 8 AP/AJ/AZ - 1 


- 


60 


x ia) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V ~ Vj ^ 1 6 . 5V , All Other 

Pins Not Under Test=0V) 


-10 


10 


PA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(DOUT is disable, 0V ^ VOUT = 5 . 5V) 


-10 


10 


PA 




VOH 


OUTPUT LEVEL 

Output "K" Level Voltage (IouT=-5mA) 


2. A 


- 


V 




v OL 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT~4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATI 

( V CC = 



NG CONDITIONS 

5V±10%, Ta = 0^70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC5U268AP/ 
AJ/AZ-70 


TC514268AP' 
AJ/AZ-80 


TC514 268AP/ 
AJ/AZ-10 


UNIT 


NOTES 


MIN. 


MAX . 


MIK.I MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


130 


- 


150 

, , . i 


180 


- 


ns 




tRMW 


Read -Mod if y -Write Cycle Time 


185 


- 


205 


- 


245 


- 


ns 




l SC 


Static Column Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




c S RMW 


Static Column Mode Read-Mod if y- 
Wrice Cyclt Time 


100 


~ 


110 


- 


135 


- 


ns 




C RAC 


Access Time from RAS 


- 


70 


- | 80 


- 


100 


ns 


8» 13 


^CAC 


Access Time from CS 


- 


25 


- | 25 


- 


30 


ns 


8, 13 


"" rt-rt 


Access Time from Column Address 


- 


35 


- 


40 


- 


50 


ns 


8, 14 


\4LW 


Access Time from Last Write 


- 


65 


- 


7 5 


- 


95 


ns 


8, 15 


t CLZ 


CS to Output in Low-Z 





- 





- 





- 


ns 


8 


^OFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


9 


t AOK 


Output Data Hold Time from 
Column Address 


5 


- 


5 


- 


5 


- 


ns 




tow 


Output Data Enable Time from 
WE 


- 


25 


- 


25 


- 


30 


ns 




r T 


Transition Time, (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


t RP JRAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




tRAS JRAS Pulse Width 


70 


10,000 


80 


10,000! ioo 


10,000 


ns 




tRASC 


RAS Pulse Width 
(Static Column Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




t RSH JCIT to RAS Hold Time j 25 


- 


25 


- | 30 


- 


ns 




tCSH |RAS to CS Hold Tune | 70 | 


80 


100 


- 


ns 




t CS |CS Pulse Width | 25 10,000 1 25 10,000i 30 


10,000 


ns 




t CSC jCS Fulse Width(Static Column Mode) 


25 1 100 , COO | 25 | 100,000 


30 


100,000 


ns 




-RCD iRAS to CS Delay Time 


20 


45 | 20 


55 


25 


70 


ns 


13 


t RAD IRAS to Column Address Delay Time 


15 


35 


15 


40 


20 


50 


ns 


14 


tCPSP 


CS to RAS Precharge Time 


5 


- 


5 


- 


.5 


- 


ns 




c cpn" 


CS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 




t/-p 


CS Precharge Time 
(Static Column Mode) 


10 


- 


10 


- 


10 


- 


ns 




t ASR j Row Address Set-up Time 





- 





- 





- 


ns 




t RAH | Rov Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASC jColumn Address Set-up Time 





- 





- 





- 


ns 




t CAE JColumn Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC514268AP/ 
AJ/AZ-70 


TC51A268AP/ 
AJ/AZ-80 


TC514268AP/ 
AJ/AZ-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX . 


MIN. 


MAX. 


C AWR 


Write Address Hold Time Refer- 
enced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C AR 


Column Address Hold Time 
Referenced to RAS 


80 


- 


90 


- 


115 


- 


ns 




tRAL 


Column Address to RAS Lead Time 


35 


- 


40 


_ 


50 


- 


ns 




t AH 


Column Address Hold Time 
Referenced to RAS Rise 


5 


- 


5 


- 


10 


- 


ns 


16 


C LWAD 


Last Write to Column Address 
Delay Time 


20 


30 


20 


35 


25 


45 


ns 


17 


t AHLW 


Last Write to Column Address 
Hold Time 


65 


- 


75 


- 


95 


- 


ns 




C RCS 


Read Command Set-up Time 
Referenced to CS 





- 





- 





- 


ns 




t RCH 


Read Command Hold Time 
Referenced to CS 





- 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time 
Referenced to RAS 





- 





- 





- 


ns 


10 


tWCH 


Write Command Hold Time 
(Output Data Disable) 


15 


- 


15 


- 


20 


- 


ns 


12 


r WCR 


Write Command Hold Time 
Referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t WP 


WE Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




twi 


WE Inactive Time 


10 


- 


10 


- 


10 


- 


ns 




tRVTL 


WE Command to RAS Lead Time 


20 


- 


?o 


- 


25 


- 


n s 




t CVJL 


WE Command to CS Lead Time 


20 


- 


20 


- 


25 


- 


ns 




C DS 


Data-in Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data-in Hold Time Referenced to 
RAS 


55 


- 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


es 




twcs 


WE Command Set-Up Time 
(Output Data Disable) 





- 





- 





- 


ns 


12 


r CWD 


CS to "WE Delay Time 
(READ-MODTFY-WRITE CYCLE) 


55 


- 


55 


- 


65 


- 


ns 


12 


r RWD 


RAS to WE Delay Time 
(READ-MODIFY-WRITE CYCLE) 


100 


- 


110 


- 


135 


- 


ns 


12 


r AWD 


Column Address to WE Delay 
Time 


65 


- 


70 


- 


85 


- 


ns 


12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC5H268AP/ 

AJ/AZ-70 


TC5U268AP/ 

AJ/AZ-80 


TC514268AP/ 
AJ/AZ-10 


UNIT 


NOTES 




KIN. 


MAX . 


MIK. 


MAX . 


MIX . 


MAX. 


t CSR 


CS Set-Up Time (CS before RAS) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CS Hold Time (CS before RAS) 


30 


- 


30 


- 


30 


- 


ns 




t RPC 


RAS to CS Precharge Time j 


- ! ° 


_ 





- 


ns 




n CPT 


CS Precharge Time (CS before RAS 

Counter Test Cycle "^ 


40 


40 


- 


50 


- 


ns 




tROH 


RAS Hold Time Referenced to DE 10 




10 


- 


20 


- 


ns 




tOEA 


OE Access Time 


25 


- 


25 


- 


30 


ns 




r OED 


01 to Data Delay | 20 


- 


20 


- 


25 


- 


ns 




l OLZ 


Output Buffer turn off Delav 

iimc rrom OE 


20 





20 





25 


ns 





t OEH 


OE Command Hold Time | 20 


- 


20 


- 


. 25 


- 


ns 




C WBS 


Write Per Bit Set-Up Time 





- 





- 





- 


ns 




t WBK 


Write Per Bit Hold Time 


10 


- 


10 


- 


10 


- 


ns 




t WDS 


Write Per Bit Selection Set-Up 
Time 





- 





- 





- 


ns 




t WDH 


Write Per Bit Selection Hold 
Time 


1.0 


- 


10 


- 


10 


- 


ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta = 0w0°C) 



SYMBOL 


PARAMETER 


MIX. 


MAX . 


UNIT 


Cll 


Input Capacitance (A0 r -A8) 


- 


5 


pF 


C I2 


Input Capacitance (RAS, CS , WL/WE, OE) 


- 


? 


C 


Input/Output Capacitance ( I /OI r t< l/Ot ) 


- 


7 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to V55. 

3 - I CC1' X CC3> X CC4> 1 CC6 depend on cycle rate. 

^* ^CC1» ^-CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 

before proper device operation is achieved. In case of using internal refresh 

counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

AC measurements assume t^-5ns. 

Vjp(min.) and Vjt (max.) are reference levels for measuring timing of input 
signals . 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

topp(max.) and tQ£2(max.) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

Either t^rj^ or tpj^ must be satisfied for a read cycle. 

These parameters are referenced to CS leading edge in early write cycles and to 
WB/WE leading edge in Read-Modi fy-Write cycles. 

tT wCS' t RWD' t C\\ T D an d t AWD are riot restrictive operating parameters. They 
are included the data sheet as electrical characteristics only. If t VJCS- t WCS 
(min.)j the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) through the entire cycle: If tRypj £ tp v ypj(min. ) , trj^p z 
tQ.iT)(min.) and t^ypj = t^jpCmin . ) , the cycle is a Read-Modify-V.'rite cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the t-^Q^Cmax. ) limit insures that t^(-(max.) can be met. 
t£££,(max.) is specified as a reference point only: If ■ tRCD i s greater than the 
specified t^^max.) limit, then access time is controlled by tQ^O 

14. Operation within the t^/j^max. ) limit insures that tj^rj(max.) can be met. 
tj^j)(max.) is specified as a reference point only: If t-gjj) is greater than the 
specified tj^j)(max.) limit, then access time is controlled by t^. 

15. Operation within the tLWAD( max *) limit insures that t pjj[j (max . ) can be met. 
tLVJAD(max. ) is specified as a reference point only: If tuivAD is greater than 
the specified tn^pCir.ax. ) limit, then access time is controlled exclusively by 
tAA- 

16. t^u is the condition to latch column address when RAS has rised up. 



10 

II 
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READ CYCLE 



V IH " 

VlL — 



,^CRP 



Cl 



V IH - 
VlL ~ 

VIH — " 



^CSH 



tRCD 



r RSH 



t RkD 



RAH 

r — -i 



"o 



*RP 



*AR 



t RAL 



*IL 



2^1132C 



C CRP 



COLUMN ADDRESS 



^RCS 



WB/W& 



m 



'/// 



, IL 



^UlL 



w 



t ROH 



X AA 



V IL 



'. illllllllllllllllllllllllllltir 



W1/I01MV4/I04 0H 
V 0L 



• OPEN 



Wh VALID 

^CLZJ^V 



i 



*AH 



^RCR 



mum 



W//////////////// 

'lllllllllllllllllllllllll 



DATA-OUT 



> 



NOTE: D IN ="H" or "L" 
WRITE CYCLE (EARLY WRITE) t 



177/1 : "H" or "L" 




OE 



W1/I01-W4/I04 



"IL 



wiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiwiih 



^WDS 



t DKRi 



X WDH ; t DS 



VlH — 
VI L 



X DH 



MASK 
DATA-IN 



NOTE: D OUT =OPEN 



VALI 



U7ft : "H" or "L" 
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WRITE CYCLE (5E CONTROLLED WRITE) 



RAS" 



cs 



A0-A8 



WB/*WE 



VlH 



\ 



1 t CRP t 
VlH f= 



^SB 



VlH 
VlL 



*RC 



t RAS 



JT 



t AR 



^CSH 



t RCD 



t t RAD 



tRAH 



WM^iwzszm. 



^WBS 



Vih —77 



i 



t RSH 



C CS 



t WBH 



OST 



±± 



CAH 



t RP 



=f 



v 



COLUMN 
ADDRESS 



*■ ZWMZZMMJ' 



VlL 



t WDS 



W1/I01-W4/I04 V IH 



%DH 



wm^mmt 



IpED 



t CWL 



t RWL 



w 



t OEH , 



WMZzjMMMmnm 



t DH 



VALID 
DATA-IN 



ySMMMMMMM 

Y77X : "H" or "L" 



READ-MODIFY-WRITE CYCLE 



lAS 



t RMW 



CS 



A0-A8 



Of 



W1/104-W4/I04 




w/w Vih ^vjlM 



V IL 



mm3MMMMZMM$rmZWMMM 



V H — 

vol — " 



*CLZ 



t OEZ 



VALID ! 
DATA-OUT 



£23 : "H" or "L" 
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STATIC COLUMN MODE READ CYCLE 



RAS 



cs 



WE/WE 



OE 



tRP 






tASR 



tRASC 



/ 



t RAH 



1 t 



tsc 



"^sc 



t RAL 



, T-AH 



\_ 



ROW 

ADDRESS 



V^ COLUMN V^" 

M ADDRESS / ^ 



COLUMN M COLUMN 

ADDRESS \L ADDRESS 



COLUMN 

ADDRESS 



tC 



iiiii 



t RAD 



y IL 



*AR 



Z-WMMffl 






'77777; 



a 



W1/I01-W4L/I04 



VOH — 

vol — 



L RAC 



tRSH 



x ROH 



M7JIMK 



"^CRP 



IE 



m 



"kJFF 



^CLZ 



I^OEA 



| VALID DATAN 



VALID DATA-OUT 
VALID DATA-OUT 



773 : " H " or " L " 



NOTE: D IN ="H M or "L" 



- A-1 65 - 



TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



RAS 



AO~A8 



cS 



WB/WE 



VIH 
VlL" 



VlH 



t ASR 



\ 



tRASC 



if 



tRP 



tRAH. 



ROW 
ADDRESS 



VlH- 
VlL" 



t WBS 



V IH — 
VlL — 
VlH — 
V IL — 



VlL- 



"COLUMN 
.ADDRESS. 



tWBHi t wcg 



s» 



COLUMN 
ADDRESS. 



tRAL 



'COLUMN 
ADDRESS 



MMMM 



X 



%i, 



J> 



t wcs t WI 



mih 



tRSH 



/ 



twcs 



/" 







^DHR 
















t WDS, 


tWDH, 1 t DS 




: DH 


z?^ 


t D^ 




v_L L 


■"■ "1 j r 






■ ■ 






///#£ 




3K V/M VALID - 

'a-injy/^ data-in 


WM 


*" VALID " 
„DATA-IN. 


JM«?» W/////////M 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



A0-A8 



WB/WE 



VlH— " 
V IL — 



^ ASR 

VlE ~77hP 



tRASC 



tRP 



: RAH 



ROW 
ADDRESS 



V IL- 



t\VBS 



V IH' 



V 

VlL — 
VlH 




I^CAH 



tAWR 



COLUMN 
ADDRESS. 



tRCD 



L WBH, tWCS ! 



tASC 



COLUMN 
ADDRES S 



m^&y///////////////, 



^csg. 



twp 



? 



twi 



tcp , t RSH 



nmm . 



tCRP 



tCWL 



twcs 



twp 



twii 



iH\ A 



:".Z W//////////////////////////////////////////7M, 



WUR 



tDHR 



r WDH t T 



W1/101-W1/104 



VIL 



C DH 



ASK 



VALID 
DATA-IN 



t DS 



tDH 



VALID 
DATA- IN- 



VALID 
DATA-L 



mmmmM. 



: "H" or "L" 



- A-1 66 - 
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STATIC COLUMN MODE READ-MODIFY-WRXTE CYCLE 





VlK 

Vjk 

VlK 
V IL 

i v OL 
1 
















r RP 






1 ka r c 


' 




V , c ' 


1 

^ASR, . 








\ 


i 






1 . r RAH 














AW.* 


_-&i3X)f ==----■ x-x 


colij^ An-sr 


x- ■■ ■■'■■■■■■■■ 






L r.AlX 




t. Q ^ V 


\ 


: r 






1 S RMW : 














j 


a 




A 


\ *LV.AI 


1 


>V,"A i 7 


















| tj_ iCI; \ 


.=,, 


! ! 


r AV,T- 


i 

^cwl i 






1 l AV/D 


Jl 






1 






, 


WB^We 


lyr-qc 


1 1 1 C RWP 


! 


17 




H-BH 


! 


f 1 '■OEH 










x / 








oF 


:*TTi 


\ \ \ 


K 


1 i 

t ALV.'i 


\. AoE$ 




i 


i 






2LC| 




' | 


'-Gr.A 




1 1 t 


, .1 "1 '* 








" CAC 1 




' * L D£ 


^ 


ov,- i j 


i 








L^T 






I^AAJ ^| 


t- 


■ea! i 






! 


I VAL 


1 


. : _ | 


— //>/ ' 


K 1 


Wi/lOl 




| 


i 1 

ID 




K' 


VALID 




-V, 4/1 G* 


t V,T)£? 


l^'^H ' DATA 










:3gs}r 






■■■■ft 


JjIzT-ZV^ 


/ '/// , '//y 


//) 


& 


^/////////'/. 


/ ■ i 



P~l : "K" or "L" 
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STATIC COLUMN MODE MIXED CYCLE 



V T ], 



vjh 



X 



K. 



^■/.'Bb; It-v.^H f-WC£ 



WE/V.1. 


V IK 


Tfl 


VIE 




V IL 




V 0H 


Wl/IOI 


vol 


~-V/4/T 04 


V IE 




Tt: 



I3C 



Hvo 



MEK 



k.r 



' J/W/l/W/l/il/l/it.'-'Jih,.-. ! iih,DU i 



tv." 



/)■.'/■'/■■ 






C~H 






VALID DATA-OUT It^c 
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RAS ONLY REFRESH CYCLE 



RAS 



"IL 



V IH 



vih ™/7 



ROW 
ADDRESS 



"^RAS 



\ 



Note: WB/WE, OE=Don ' t Care 



T7 



WMMMMK 



: "H n or "L" 



CS BEFORE RAS REFRESH CYCLE 



L RP 



Wl/I 01-W4/I04 



"^RS 



L CHR 



% 






Note: WB/WE, OE, AO ^ A8="H" or "L" 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



tRC 



VlH ~" 
VlL — 



VlH 



"IL- 



t RAS 



L RCD ^RSH 



r RAH__ 



V IH -77 

VlL — 11 



VlL 



W1/I01~W4/104 



vol 



ROW 
ADD 



J 



l RC 



X 



COLUMN ADDRESS 



t RP 



iiimini, 



t CAC 




m 



VALID DATA-OUT 



t 0FF 



W 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



V IL- 



V 



IL — — I 



wb/We 



V IH" 
VlL- 

V IH- 
VlL- 



tRAS 



t RCD 



t RAD 



hLM 



; RAH 



COLUMN 
ADDRESS 



x m 



t CUR 



I 



t WBH 



•llllllillllllllllllllllllli 



"t-RWL 



t-WCH 



l WP 



v m — n 



"IL" 



Wiyi01~W4/I04 




t WDH 



MASK 
-IN 




III 



TTTi 



t DH 



VALID DATA-I 



»> 



t m > 



i 



t CRP 



NOTE: D 01 jt =open 



YJJ\ : "H M or "L" 



m 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V IH— 



RAS 



vw 



V IL" 



Vil ~ V 



tCSP 



READ CYCLE 



WB/WE 



t RAS 



/ 



^ZWZZMSZZMZZM 



tRCS 



Z BSE 



t CS 



/ 



r RAL 



^CKP 




COLUMN ADDRESS 



7:zmMMMMM' 



u^ 



'ib -7777, 



^OEA 



WE 



i /////^////////7////v///////it/////))ir 1 ^ ± - %///////////////// / 



Wl/I 01-W4/I 04 



WRITE CYCLE 



A0-A8 



VOH — 



WB/"WE 



Wl/1 01-^/4/104 



VlH ' 
VlL- 



tWBSj 



r ASC 



■m 



I^OFP 



ItOEZ 



VALID DATA-OUT > 



^CAH 



COLUMN 
ADDRESS 



^BH 



Z-7MC—MMi 



*IL 

V IH "J 
V IL ^ 

VlH 



%CS 



W//////////////////////////// 



"•-WCH 



t WDSi | x WDHi 



•*DS 



^x 



V IL ' 



READ-MODIFY-WRITE CYCLE 
Vjh- 

V IL- 



A0-A8 



mn ^zw rmni 

2f 



r DH 



VALID DATA-IN 



JWMMMMIIIMi 



COLUMN ADDRESS 



^WBsl fcwBff 



W//////////////// 



WB/WE 



v° Z^7)C p/////////F 



WVI01-W4/I04 




VlH 
VlL 



^^fe3^^^^^^^M^il3^^^^ 



[7/^ : "H" or "L" 
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APPLICATION INFORMATION 



ADDRESSING 



The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC514268AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS) , latches the 9 row address bits 
into the chip. The second clock, in a read cycle column-address must be held stable 
until the access time. In a write cycle column-address are latched at the last fall- 
ing of edge of WE or CS. 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. The "gated CS" 
feature allows the CS" clock to be externally activated as soon as the Row Address 
Hole Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the 
RAS/CS operation. The falling edge of CS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the wri te-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/I0i) high with set-up and hold times referenced to 
the RAS negative transition. 

For those data bits of Wi(/10i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa- 
bility does not work and the write operation is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CS is brought low. In a read cycle the 
outputs go active after the access time interval tR^c an< ^ t OEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CS and UE are low. CS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

When the OE input is brought to a logical low level, the output buffer are 
enabled. Both CS and OE can control the output. Thus in a read operation, -either 
OE or CS returning high forces the outputs into the high impedance state. 
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OUTLINE DRAWINGS 



Plastic DIP 



Unit in mm 



Zj 19 IE 1~ If lr 14 15 1Z 11 

nnnnnnnnnn 




^ 
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r 
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"l a" 


Tnr 

1 
i 


i 1 1 _,_ 

1 Q£±ai5 |2.54±C2 


5 






j G 25- GO 5 




Note: Each lead pitch is 2 . 54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No. I and No. 20 leads. 

All dimensions are in millimeters. 
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Plastic SOJ 



Unit in ram 



17.0 2-17.27 



26 25 24 23 22 18 17 16 15 14 

n n n n n 



INDEX DOT 



£ 



IUUUU 

12 3 4 5 



u u u u u 

9 10 11 12 13 





Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility ofr use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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Plastic ZIP 



Note : 




O 1 1 



23 15 17 IP 




L-A 



Unit in mm 



2. o max . 



~ r ~Z 



J (fh^ 



V. Q 2 5-0.05 



2 4 6 8 12 14 16 16 20 

Ea ch lead ^ itch. is 1,27 mm . 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC514100J/Z-80, TC514100J/Z-10 



DESCRIPTION 



bit. 

as ad' 
to th 
in a 
v i d u s 
t,-. t i 



die TC5141 
The TC514 

■anced cir 
i system u 
standard 2 
high syst 
i_ and ins 
.10/, toler 
is Schott 



OOJ/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
100J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
cuit techniques to provide wide operating margins, both internally and 
ser . Multiplexed address inputs permit the TC514100J/Z to be packaged 
6/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro- 
em bit densities and is compatible with widely available automated 
L-rtion equipment. System oriented features include single power supply 
ance, direct interfacing capability with high performance logic families 
TTL. 



FEATURES 



Fas 


94,30 
t ace 


4 word 
ess tir 


by 1 
e and 


bit organi 
cycle time 


zat Ion 








i 


TC514100J/Z 


-80/-10 


tRAC 

IpCAC 
C RC 


1 ras 

! Colu 
1 Ac ce 

'Tsfs 

"Cycl 

Fast 
Cvcl 


Access Time! 
mn Address 
ss Time ! 


80ns ' 


100ns 


40ns 


50ns 


Access 

e Time 

""Page" / 
e Time 


Time | 


20ns j 


25ns 


lode 

1 


150ns 

50ns i 

1 


180ns 
60ns 


t OQ 



Single power supply of 5V110'," with 
built-in Vp^g generator 



CONNECTION 
Plastic 



(TOP VIEW) 



30J 



Plastic 



-G: 
■ ti- 



ll 'a' 
] 1R 

: :-■ 
: ;.. 



isp 

1-2 



H-AAT 



PIN NAMES 



AO'v A10 
RAS 

J_j : :~ 

D OUT 


Address Inputs 


Row Address Strobe 


Data In 


Data Out 


CAS 


Column Address Strobe 


WRITE 


Read/Write Input 


vcc 


Power (+5V) 


v S s 


Ground 


N.C. 


No Connection 



Low Power 
550mW Operating (TC514100J/Z--80) 
463nW Operating (TC514100J/Z-10) 
5 . 5m W MAX . S t andb y 

Output, unlatched at cycle end allows two- 
dimensional chip selection 

Common 1/0 capability using "EARLY WRITE" 
operation 

Read-Modify-Write, CAS before RAS refresh, 
RAS-onl v refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

All inputs and output TTL compatible 

1024 refresh cycles/16ms 

Package Plastic SOJ: TC514100J 
Plastic ZIP: TC514100Z 



BLOCK DIAGRAf 



3D- 



} Dim 



A2C 
A" C 



A'iC 

A8C 

A9C 

A1QC 



MTR 



3Z 



RC/V 

ADDRESS 

5UFFER3U1J 



t 



o 



DECODE?, 






AMP. 
AT I NO 



No.l CLOCK 
GENERATOR 



DM 



MEMORY 
ARRAY 



SUBSTRATE BIAS 
GENERATOR 



VCC 

' Vss 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYM30L 


RATING 


UNITS 


NOTES 


Input Voltage 


ViN 


-1% 7 


V 


1 


Output Voltage 


v OUT 


-1 v 7 


V 


1 


Power Supply Voltage 


v C c 


-1 ^ 7 


V 


1 


Operating Temperature 


T OPR 


0% 70 


°c 


1 


Storage Temperature 


T STG 


-55i,150 


°c 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C-sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


x OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. | MAX. 


UNIT 


NOTE 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta-0%70 


°C) 










SYMBOL 


PARAMETER 


MIN. MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS", Address Cycling: t RC= t RC MIN.) 


TG51410QJ" Z-80 




100 


mA 


3,4 


TG5l4lOOJ/'Z-10 


- 


85 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


2 


mA 




;RAS ONLY REFRESH CURRENT 

Iqqo [Average Power Supply Current, RAS Only Mode 
j (RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


TG51410GJ, Z-3Q 


- 


100 


mA 


3 


TC5l4l00oVZ-I0 


- 


85 


I CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RFs=Vxl, CAS", Address Cycling: t Pv ;=tpc MIN.) 


TC514100J/Z-80 


- 


60 


mA 


3,4 


TG5l4l00oV"Z-10 


- 


50 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V C c-0.2V) 


- 


1 


mA 




I CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 
RAS" Mode (RAS, CAS Cycling: tR C =t RC MIN.) 


TC514100J/Z-30 


- 


100 


mA 


3 


TC51410 0J/Z-10 


- 


85 


X I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V = Vjn = 6. 5V, All Other 

Pins Not Under Test=0V) 


-10 


10 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V £ V QUT 1 5. 5V) 


-10 


10 


PA 




VOK 


OUTPUT LEVEL 

Output "H" Level Voltage (IoUT=-5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4 .2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC 



OPERATING CONDITIONS 

(V cc =5Vzl(j;:, Ta=0 - 70°C) (Notes 5, 



7) 



symbol 


PARAMETER 


TC514100J/Z 
-80 


TC514100J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX . 


MIN. 


MAX. 


t RC j Random Read or Write Cycle Time 


150 


- 


180 


- 


ns 




C RWC | Read -Write Cycle Time 


175 


- 


210 


- 


ns 




tpC jFast Page Mode Cycle Time 


50 


- 


60 


- 


ns 




t PRWC (Fast Pace Mode Read-Write Cycle Time 


70 


- 


85 


- 


ns 




tRAC 


Access Time from RAS 


- 


80 


- 


100 


ns 


8,13 
8,13 


C CAC 


Access Time from CAS 


- 


20 


- 


25 


ns 


^AA. | Access Time from Column Address 


- 


40 


- 


50 


ns 


8,13 


^CPA {Access Time from CAS Precharge 


- 


45 


- 


55 


ns 


8 


tCLZ CAS to Output in Low-Z 





- 





- 


ns 


8 


t 0FF 


Output Buffer Turn-off Delay 





20 





30 


ns 


9 


t T jlransition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


t^P RAS Precharge Time 


60 


- 


70 


- 


ns 




l RAS IRAS" Pulse Width 


80 


10,000 


100 


10,000 


ns 




C RAS? |rAS Pulse Width (Fast Page Mode) 


80 


200,000 


100 


200,000 


ns 




t RSH -RAS Hold Time 


20 


- 


25 


- 


ns 




t CSH CAS" Hold Time 


80 


- 


100 


- 


ns 




^CAS CAS" Pulse Width 


20 


10,000 


25 


10,000 


ns 




t RCD 'RAS" to CAS Delay Time 


20 


60 


25 


75 


ns 


13 


z RAD 


RAS to Column Address Delay Time 


15 


40 


20 


50 


ns 


14 


C CR? 


CAS to RAS Precharge Time 


5 


- 


1G 


- 


ns 




t C P 


CAS Precharge Time 


10 


- 


10 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 





- 


ns 




1 RAH 


Row Address Hold Time 


10 


- 


15 


- 


ns 




t ASC 


Column Address Set-Up Time 





- 





- 


ns 




t CAh 


Column Address Hold Time 


15 


_ 


20 


- 


ns 




t AR 


Column Address Hold Time referenced to 
RAS 


60 


- 


75 


- 


ns 




tRAL 


Column Address to RAS Lead Time 


40 


- 


50 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 


ns 




t RCH 


Read Command Hold Time 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time referenced to 

RAS" 





- 





- 


ns 


10 


tWCH 


Write Command Hold Time 


15 


- 


20 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC514100J/Z 
-80 


TC514100J/Z 
-10 


UNITS 


NOTES 


MIN. 


MAX . 


MIN. 


MAX . 


tWCR 


Write Command Hold Time referenced to 

RAS 


60 


- 


75 


- 


ns 




tWP 


Write Command Pulse Width 


15 


- 


20 


- 


ns 




tRWL 
tCWL 
tDs" 


Write Command to RAS Lead Time 


20 


- 


25 


- 


ns 




Write Command to CAS Lead Time 
Data Set-Up Time 
Data Hold Time 


20 



15 





25 



- 


ns 




~ 


ns 


11 


- 


20 


- 


ns 


11 


tDHR 


Data Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 

Write Command Set-Up Time 


- 


16 


- 


16 


ms 




twcs 





- 





- 


ns 


12 


tRWD 


CAS to WRITE Delay Time 


20 


- 


25 


- 


ns 


12 


RAS" to WRIT IT Delay Time 


80 


- 


100 


- 


ns 


12 


C AWD 


Column Address to WRITE Delay Time 


40 


- 


50 ' 


- 


ns 


12 


tCSR 


CAS" Set-Up Time (CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before RAS Cycle) 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Precharge Time 





- 





- 


ns 




tCPT 


CAS Precharge Time 

(CAS" before RAS Counter Test Cycle) 


40 


- 


50 


- 


ns 




tWTS 


Write Command Set-Up Time (Test Mode In) 


10 


- 


10 


- 


ns 




tWTH 


Write Command Hold Time (Test Mode In) 


10 


- 


10 


- 


ns 




t WRP 


WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




t WRH 


WRITE to RAS Hold Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Note 15) 





SYMBOL 


PARAMETER 


TC514100J/Z 
-80 


TC514100J/Z 
-10 


EXIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX . 


tRC 

1 rwc 
— — - 


Random Read or Write Cycle Time 


155 


- 


185 

215 


- 


ns 




Read- write Cycle Time 


1.0 


- 


- 


ns 




Fast Pc.ce Mode Cycle Time 


55 


- 


65 


- 


ns 




tpRWC 


Fast Page Mode Read-Write Cycle Time 


75 


- 


90 


- 


ns 




tRAC 
tCAC 


Access Time from RAS 


- 


85 


- 


105 


ns 


8,13 


Access Time from CAS 

Access Time from Column Address 


- 


25 


- 


30 


ns 


8,13 


tAA 


- 


45 


- 


55 


ns 


8,13 


t C?:\ 


Access Time from CAS Precharge 


- 


50 


- 


60 


ns 


8 


tRAS 


IRAS Pulse Width 


85 


10,000 


105 


10,000 


ns 




11 RASP 


RAS Pulse Width (Fast Page Mode) 


85 


200,000 


105 


200,000 


ns 




tRSH 


RAS Hold Time 


25 


_ 


30 


- 


ns 




t CSH 


C7\S Hold Time 


85 
25 


- 


105 


- 


ns 




tCAS 


CAS Pulse Width 


10,000 


30 


10,000 


ns 




tRAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




C CWD 


CAS to WRITE Delay Time 


25 


- 


30 


- 


ns 


12 


^retd 


RAS" to WRITE Delay Time 


85 


- 


105 


- 


ns 


12 


-AND 


Column Address to WRITE" Delay Time 


^ j 


- 


55 


- 


ns 


12 



CAPACITANCE (Vcc=5Vil0E, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIX. 


MAX . 


UNIT 


Cll 


Input Capacitance (AOcAlO, Din) 1 


5 


pE 


Cl2 


Input Capacitance (RAS, CAS, WRITE) 


7 


P F 


Co 


Output Capacitance (Dqut) 


- 


7 


pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 - : CC1> l CC3> X CC4» !CC6 depend on cycle rate. 

^ * X CC1> X CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200i:s is required after pox^er-up followed by 8 RAS cycles 
before proper device operation is achieved. in case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 



AC measurements assume t^-5ns. 



Vjj|(min.) and VTL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured betx^een Vj^ and Vjl- 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

t-0FF( max «) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 

10. Either t^rj}] or tRRjj must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. turjs, tRWD* t Cl\HD anci fc AWD are not restrictive operating parameters. They are 
included in the data sheet at electrical characteristics only. If tyrjg = twCS 
^min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cylce; If tj>^X) = t£yj)(min. ) , 

tcwD = tQ,jrj(min. ) and t^WD = tAWD^^ 11 * ) » tne cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tj^Q D (max.) limit insures that t^^(max.) can be met. 
tj)Q n (max.) is specified as a reference point only: If t^p is greater than the 
specified t^Q^max.) limit, then access time is controlled by t^C* 

14. Operation within the t^j)(max.) limit insures that t^rj(max.) can be met. 
t RAD (max.) is specified as a reference point only: If t^D is greater than the 
specified t^j)(max.) limit, then access time is controlled by t^ A . 

15. These specifications are applied in the test mode. 
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TIMING WAVEFORMS 
READ CYCLE 



TC514100J/Z-80, TCS14100J/MO 



\ 



zOZT 



DCZJ©C 



3£ 



l^-j:1 



/// 



, ////////////// 



, // / '■'/// 



xn 



pOFFj 



> 



: "H" or "L" 
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WRITE CYCLE (EARLY WRITE) 



VlH — " 

VlL — 



% 



VlL 



A0~A10 



VlH — 



tRP 



tRCD 



C CSH 



Y 



t AR 



t RAH 



ROW 



VlH —~j 

VlL -~ l 



Din 



VlL 



tRSH 



tCAS 



■L 



%CS 



w 



t WCR 



tDS 



l CWL 



r WCH 



t^p 



t RWL 



■A 



W i -"' ■»» : ^ 



t DHR 



\ 



^GRP 



2f 



D OUT 



V H 

v L 



OPEN 



^ : "H" or "L" 
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READ-WRITE CYCLE 



TG51410QJ/Z-8B, TC514100J/Z-10 



VlL 



VlL 



A0-A10 



VlL 



WRITE 



Vih-77 



DqUT 



'IH 



VlL 



VOH 



Vol — 



*f =fe L_ 



t RCD 



t RAD 



t RAU 



¥ 



±± 



tRSH 



i 7 



"CRP 



WMMM 



tDS 



t RAC 



'-y////////////////, 



t CAC 



i ^=j«igg 



^OFF 



VALID DATA 



> 



"H" or "L" 
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TC514100J/Z-80, TC514100J/Z-10 



FAST PAGE MODE READ CYCLE 



VlH— " 



VlH — 



•wjr^Q r ^3 F 



t RAD 



tRCS 



WRITE 



VlH ~T777T]77 



VlL 



^^ 



-D ut 



V H — 

vol — 



t AA 



pRCS 



t CPA 



VALID 
DATA 



> 



t RCH 



t GAH 



jf=\ 





Z W S 



VALID 
DATA 



t pp 



> 



^RRH 
t RCH 



VALID 
DATA 



; GLZ 



topp 



> 



^ : "H" or "L" 



■A-186 — 



TC514100J/Z-80, TC514T80J/Z-1O 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



\ 



AO-A10 



VlH 



^ASRi 






L RCD ^CAS 



t AR 



t RAH t ASC 



ROW 



vih -77 



VlL 



D IN 



VIL -^ 



tWCR 



» 



twcs 



t DS 



x^r^rri^zy 



t CP 




^ASC 



:ig%n=rt^^rM~^"y 



tWCH 



t WP 



t DH , *DS 



t CAH 



t WP 



tr>H tr 



^//^ VALID DATA^^^VAUD DAIA^^ Vi 



t DHR 



tWCH 



^ 



t DH 1 



m 



'MM 



D OUT 



V H — 

vol — " 



E2 s " H " 



F777I • "w" or "L" 
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TC514100J/Z-80, TC514100J/Z-10 



FAST PAGE MODE READ-WRITE CYCLE 



RAS 



VlH 



VlL — - 



VlH — / 



VlL 



t RASP 



^ 



J RAH L ASC 



wr^m 



t RAD 



WRITE 



VlL 



////////////////? 



D IN 



V IH — - 



tCAS 




^CWL 



%P 



t PRWG 



f-\^tf 



t CWD 



tRAC 






%p 



m/////////////////>i smm^mm^ mMmm l 



"tASC 



IMiMi 



t CWX 



t DS 



t GLZ 

t CAC 



"tAA 



VALID 
DATA 



tQFF 



> 



t CWL 
t RWL 



W 



%P 



t CLZ 



"SaA 



VALID 
DATA 



> 



VALID 
DATA 



tQp»p 



> 



%%1 : "H" or "L" 



-A-188- 



RAS ONLY REFRESH CYCLE 



TC51 41 00 J/Z-80, TC51 41 00 J/M 



RAS 



VlH 



t 




t ASR t RAH 



1^1 



U RC 



f \_ 



/////////// 



D OUT 



v OH 

vol — " 



"H" or "L" 



NOTE: WRITE="H" or "L", A10="H" or "L" 
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TC514100J/Z-80, TC514100J/Z-10 



CAS BEFORE RAS REFRESH CYCLE 



VlH — 



/ \ 



i ^CP 



CAS V IH 



AA 



WRITE IH 77 

VIL -'1 



tGSR 



t WRP 



if \ 



M 



tWRH 



m 



tQPF 



D OUT 



> 



WL 



NOTE: A0^A10="H" or "L" 



: "H" or "L" 
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TC514100J/Z-80, TC514100J/Z-10 



HIDDEN REFRESH CYCLE (READ) 



\: 




C RC 



V 



r AR 



'IH 



DOUT 



\M . — 3 . 



t RCS, 



WRITE - '////////// 



m 



¥ fi- 



t RAL 



¥ 



L CHR 



Y 



t RRH 





%RH 



Wl 



VALID DATA 



t OPF 



'IL 



> 



"H" or "L" 
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TC514100J/Z-80, TC514100J/M0 



HIDDEN REFRESH CYCLE (WRITE) 



ViL — 



\ 



VlH 



AO-A10 



ViL 



VlH 




Din 



D OUT 



Vil — L 



Vih ~77 



V H 

vol 






\ 



t AR 



t RSH 



J©GEEM 



tWCR 



tWCS 



^ 



%CH 



t WRP 



/ 



1f 



'/////////////// //, 



t WRH 



W M 



'/fh . yaliv data s i//, 



^DHH 



m 



: "H" or "L" 
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TC51 41 OOJ/Z-80, TC5141 00 J/Z-1 



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



V IH 
VlL 

VlH 

V IL 

V IH 



\ 



Tc 



wz^Ezmmm. 




^ASC 




1? 



w////////////////////////Mmm ^^ m//////////////, 



^ : "H" or "L" 



t DH 
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TC514100J/Z-80, TC514100J/Z-10 



TEST MODE IN CYCLE 





-C 

/ f 




t RC 






t RP 




V IH" 




t RAS /~ 


\ 


V IL " 


/ ^ RPC 

tcp 


— ^CSR 


V "-/ 






CAS 

V IL~ 


: / 






^illliiill 




^V t WTS 




V IH - 
WRITE 


-///////////, 


, *WTH ,////////////////////////////////////, 


» 


V IL~ 


J/////////////A- 


y//////////////////////////////////// 






tnpip 






V OH" 


: > 






D OUT 

V OL " 








NOTE: 


D™ 


, AO'W 


//A : "H" or "L" 
MO: "H" or "L" t-^ 



J IN 
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TC514100J/Z-80, T6514100J/MQ 



TEST MODE 

The TC5.U100J/Z Is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 secotrs 
in parallel and retrieved the same way. Aiqr, Aiqc and Aqq are not used. If, upon 
reading, all bits are equal (a LI M l"s or "0"s), the data output pin indicates a "1". 
If any >-f the bits differed, the data output pin would indicate a "0". fig. 1 shows 
the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 5.1 2K DRAM. 

"WRITE, Cf\S Before RAS Cycle (Test Mode in Cycle)" shown in Page 17 puts the 
device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test times 
(1/8 in case of N test pattern). 
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TC514100J/Z-80, TC514100J/M0 



BLOCK DIAGRAM IN TEST MODE 



a ior, a ioc,Adg 




Fig. 1 
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TG51 41OOJ/Z-80, TC5141 MM/ZrlO 



Plastic SOJ 



Unit in mm 



1 7.0 2-1 7 2 7 



25 24 23 22 



/F 3 - 



18 17 16 15 14 
n r—> i — i ■ r-t i — i . 



INDEX DOT 



£ 



1 2 3 4 5 



9 10 11 12 13 



0.8 M IN. 



4b_ 



0.6 6-0.8 1 




0.4 1-0.5 




1.27 TYP. 



Note : Package width and length do not include mold protrution, 
allowable mold protrution is 0.15mm. 
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TC514100J/Z-80, TC514100J/Z-10 



Plastic ZIP 




4 



vvvvvvvv 



0.5 ± ai 



VVVVVVVV 

1.27 TYP. 



13 5 7 9 11 13 15 17 19 



10 12 14 16 18 20 



Unit in mm 



3.0MAX. 



"I f 



\r 



/^Ns 



r + ao7 
D -ao5 



1.27 TYP . 



Note : Package width and length do not include mold protrution, 
allowable mold protrution is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC51401 J/Z-80, TC514101J/M0 



io:j 



The 


TC 


bit. Th. 


> T 


as ad vane 


ed 


to the s\ 


'St 


in a standa 


vides high 


testing c 


n d 


ply of 5V±1 


families 


su 


FEATURES 





514101J/Z is the new generation dynamic RAM organized A, 194,30A words by 1 
C514101J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 

circuit techniques to provide wide operating margins, both internally and 
em user. Multiplexed address inputs permit the TC514101J/Z to be packaged 
rd 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro- 
system bit densities and is compatible with widely available automated 

insertion equipment. System oriented features include single power sup- 
0Z tolerance, direct interfacing capability with high performance logic 
ch as Schottky TTL . 



4,194,304 word by 1 bit organization 
Fast access time and cycle time 





TC514101J/Z-80/-10 


t= RAC 
fc AA 


RAS Access Time 


80ns 


100ns 


Column Address 
Access Time 


40ns 


50ns 


r CAC 


CAS Access Time 


20ns 


25ns 


tRC 


Cvcle Time 


150ns 


180ns 


tNC 


Nibble Mode 
Cvcle Time 


40ns 


45ns 



Single power supply of 5V±10% with a 
built-in V-r 



generator 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic ZIP 



Low power 
578mW Operating (TC514101J/Z-80) 
495mW Operating (TC514101 J/Z-10) 
5.5mW MAX. Standby 

Output unlatched at cylce end allows 
two-dimensional chip selection 

Common I/O capability using "EARLY 
WRITE" operation 

Read-Modify-Write, CAS before RAS re- 
fresh, RAS-only refresh, Hidden 
refresh, Nibble Mode and Test Mode 
capability 

All inputs and output TTL compatible 

1024 refresh cycles/16ms 

Package Plastic SOJ: TC514101J 
Plastic ZIP: TC514101Z 



Dh\Cl 



^VKITEC 2 
fUSC 3 
NX. C ' 
A 1 C 5 

A0C9 

ai riio 

A2 C 1 1 
A3C12 

v cc di3 



26 3 V S S 
25 3 DOIT 
24 3 CAS" 
23 3 NX. 
2 2 3 ,\9 



3 AS 
3A7 
3A6 
3 A5 
3 A4 











A^ 


i ; 


--- 










CAS 


X)UT 


..3j 


GC 


vss 


RAS 


■-f, 


L^_. 


WHITE 


NX. 


" M T 


&_ 


A10 






■ r n) 


M C 


A0 


J.L 


;T? 


Al 


A2 


13; 


i — 




Vrc 


"frf; 


•J 4} 


A3 


A5 




L.CO 


A 4 




•18 


A6 


A7 


IM 1 


Qja 








A8 



BLOC 

WRITE 
CAS O 



K DIAGRAM 
° L 



^> 



No . 2 CLOCK 
GENERATOR 



PIN NAMES 



A0 ^ A10 


Address Inputs 


RAS 


Row Address Strobe 


Din 


Data In 


^out 


Data Out 


CAS 


Column Address Strobe 




Read/Write Input 


WRITE 


vec 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 



A0 C 
Al C 
A2 C 
A3 C 
A4 C 
A5 ( 
A6 C 
A7 C 
A8C 
A9C 
Al C 



t COLUMN 
, -N ADDRESS- N 
1XA BUFFERSCll ) 



REFRESH 
CONTROLLER 



DATA IN 
BUFFER 



din 



DATA OUT 
BUFFER 



DOLT 



REFRESH, s 
COUNTER (10) 



TL 



row 

address, n 

BUFFERS(11 ) 



-IV 



COLUMN 



r^p DECODER 



SENSE AMP. 
I/O GATING 



RAS < 



No . 1 CLOCK 
GENERATOR 



-4096-- 



MEMORY 
ARRAY 



SUBSTRATE BIAS 
GENERATOR 



VCC 
VSS 
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TC51401J/Z-80, TC514101J/Z-10 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTE 


Input Voltage 


VlN 


-1% 7 


V 


1 


Output Voltage 


v OUT 


-1% 7 


V 


1 


Power Supply Voltage 


v C c 


-1% 7 


V 


1 


Operating Temperature 


T OPR 


0% 70 


°c 


1 


Storage Temperature 


TSTG 


-55^150 


°c 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C*sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0W0°Q 



SYMBOL 


PARAMETER 


MIK. 


TYP. 


MAX . 


UNIT 


NOTE 


v cc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V IH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


v 


2 



DC ELEC 


TRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0 ^ 70 


°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


*CC1 


OPERATING CURRENT 

xnverage Power Supply Operating Current 

(RAS, CAS", Address Cycling: tRc=tRc MIN.) 


TC514101J/Z-80 


- 


105 


mA 


3,4 


TC514101J/Z-10 


- 


90 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


2 


mA 




TCC3 


RA^ ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


TC5 1410 1J/Z-8 


- 


105 


mA 


3 


TC514101J/Z-10 


- 


90 


I CC4 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 

(RAS=V IL , CAS, Address Cycling: t NC =t NC MIN.) 


TC51410 1J/Z-80 


- 


60 


mA 


3,4 


TC514101J/2-10 


- 


50 


T CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0.2V) 


- 


1 


mA 




X CC6 


CAS BEFORE RAS REFRESH CURRENT ___ 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t RC =t RC MIN.) 


TC514 101J/Z-80 


- 


105 


mA 


3 


TC514 101J/Z-10 


- 


90 


^(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V < V IN < 6 .5V , All 

Other Pins not under Test=0V) 


-10 


10 


PA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V < V 0UT < 5 ,5V) 


-10 


10 


yA 




V 0H 


OUTPUT LEVEL 

Output "H" Level Voltage (IouT=~5mA) 


2.4 


- 


V 




V OL 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4« 2mA) 


- 


0.4 


V 
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TC51401 J/Z-80, TC514! 01 J/Z-1 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=CWO°C) (Notes 5, 6 



, 7) 



SYMBOL 


PARAMETER 


TC514101J/Z 
-80 


TC514101J/Z 
-10 


UNIT 


NOTES 


M1N. 


MAX. 


"mtnT 1 


MAX. 


tRC 


Random Read or Write Cycle Time 


150 


- 


180 


- 


ns 




l RWC 


Read-Write Cycle Time 


175 


- 


210 


~ 


ns 




l NC 


Nibble Mode Cycle Time 


40 


- 


45 


- 


ns 




t NRMW 


Nibble Mode Read-Write Cycle Time 


65 


- 


75 


- 


ns 




C RAC 


Access Time from RAS 


- 


80 


- 


100 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


20 


- 


25 


ns 


8,13 


t AA 


Access Time from Column Address 


- 


40 


- 


50 


ns 


8,14 


tNCAC 


Nibble Mode Access Time 


- 


20 


- 


25 


ns 


8 


tCLZ 


CAS' to Output in Low-Z 





- 





- 


ns 


8 


tOFF 


Output Buffer Turn-off Delay 





20 





30 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




tRSH 


RAS Hold Time 


20 


- 


25 


- 


ns 




t CSH 


CAS Hold Time 


80 


- 


100 


- 


ns 




tCAS 


CAS Pulse Width 


20 


10,000 


25 


10,000 


ns 




t RCD 


RAS to CAS Delay Time 


20 


60 


25 


75 


ns 


13 


t RAD 


RAS to Column Address Delay Time 


15 


40 


20 


50 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


5 


- 


10 


- 


ns 




tCP 


CAS Precharge Time 


10 


- 


10 


- 


ns 




C ASR 


Row Address Set-Up Time 





- 





- 


ns 




t RAH 


Row Address Hold Time 


10 


- 


15 


- 


ns 




t ASC 


Column Address Set-Up Time 





_ 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


20 


- 


ns 




t AR 


Column Address Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




tRAL 


Column Address to RAS Lead Time 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 


ns 




t RCH 


Read Command Hold Time 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time referenced to RAS 





- 





- 


ns 


10 


tWCH 


Write Command Hold Time 


15 


- 


20 


- 


ns 




tWCR 


Write Command Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




t \JT 


Write Command Pulse Width 


15 


- 


20 


- 


ns 




t RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


ns 
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TC51401J/Z-80, TC514101 J/Z-10 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 


CONDITIONS 


(Continued) 




SYMBOL 


PARAMETER 


TC51A101J/Z 
-80 


TC514101J/Z 
-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX . 


tCWL 


Write Command to CAS Lead Time 


20 


- 


25 


- 


ns 




tDS 


Data Set-Up Time 



15 




20 
75 


- 


ns 


11 


t T)H 


Data Hold Time 


ns 


11 


tDHR 


Data Hold Time referenced to RAS 


60 


- 


- 


ns 




tREF 


Refresh Period 


- 


16 


16 


ms 




twcs 


Write Command Set-Up Time 





- 





- 


ns 


12 


C CWD 


CAS to WRITE Delay Time 


20 


- 


25 


- 


ns 


12 


tRWD 




80 


- 


100 


- 


ns 


12 


RAS to WRITE Delay Time 


tAWD 




40 


- 


50 


- 


ns 


12 


Column Address to WRITE Delay Time 


tCSR 


CAS Set-Up Time (CAS before "RAS Cycle) 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before RAS Cycle) 


30 


- 


30 


- 


ns 




tRPC 


RAS" to CAS Precharge Time 





- 





- 


ns 




tCPT 


CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 


40 


- 


50 


- 


ns 




t NCAS 


Nibble Mode Pulse Width 


20 


- 


25 


- 


ns 




tNCP 


Nibble Mode CAS Precharge Time 


10 


- 


10 


- 


ns 




tNRSH 


Nibble Mode RAS Hold Time 


20 


- 


25 


- 


ns 




tNCWD 




20 


- 


25 


- 


ns 




Nibble Mode CAS to WRITE Delay Time 


C NRWL 


Nibble Mode WRITE Command to RAS Lead 
Time 


20 


- 


25 


- 


ns 




tNCWL 


Nibble Mode WRITE Command to CAS Lead 
Time 


20 


- 


25 


- 


ns 




tWTS 


Write Command Set-Up Time (Test Mode In) 


10 


- 


10 


- 


ns 




tWTH 


Write Command Hold Time (Test Mode In) 


10 


- 


10 


_ 


ns 




tWRP 


WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




tWRH 


WRITE to RAS Hold Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 
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TG5140U/Z-89, TC514101 J/Z-18 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(KOTE 15) 



SYMBOL 


PARAMETER 


TC51410J/Z 

-80 


TC514101J/Z 
-30 


UNIT 


NOTES 


M1N. 


MAX. 


MIN. 


MAX . 


tRC 


Random Read or Write Cycle Time 


155 


- 


185 


- 


us 




tRWC 


Read-Write Cycle Time 


180 


- 


215 


- 


ns 
ns 




tRAC 


Access Time from RAS 


- 


85 


- 


105 


8,13 


t CAC 


Access Time from CAS 


- 


25 


- 


30 


ns 


8,1 * 


C AA 


Access Time from Column Address 


- 


45 


- 


55 


ns 


8,14 


tRAS 


RAS Pulse Width 


85 


10,000 


105 


10,000 


ns 




tRSH 


RAS Hold Time 


25 


- 


30 


- 


ns 




t CSH 


CAS Hold Time 


85 


- 


105 


- 


ns 




t CAS 


CAS Pulse Width 


25 


10,000 


30 


10,000 


ns 




r RAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




t C\VD 




25 


- 


30 


- 


ns 


12 


CAS to WRITE Delay Time 


tRWD 




85 


- 


105 


- 


ns 


12 


RAS to WRITE Delay Time 


C AWD 




45 


- 


55 


- 


ns 


i:- 


Column Address to WRITE Delay Time 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0W0°C) 



SYMBOL 


PARAMETER 


Mils 1 . 


MAX. 


UNIT 


Cll 


Input Capacitance (AO^AIO, Din) 


- 


5 


P F 


CI2 


Input Capacitance (RAS, CAS, WRITE) 


- 


7 


P F 


CO 


Output Capacitance (Dqut) 


- 


7 


pF 
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TC51401J/Z-80, TC514101J/Z-10 



NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. Ail voltages are referenced to Vgg. 

3 - x CC:i> I CC3' T CC4> I CC6 depend on cycle rate. 

4 * ^CC1> *CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal, refresh 
counter, a minimum of 8 CAS before IcAS initialization cycles instead of 8. RAS~ 
cycles are required. 

6. -AC measurements assume t-p=5ns. 

7. Vjj.j(min.) and Vjj^max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl* 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t rch or t RRH muSt be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tycs ' t RWD> C CWD and tAWD a^e not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tyrjg ^ L WCS 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If t^ypj £ tj^njCmin. ) , 

t CWD = t C\\ T D^ IP ' :i - n * ) anc * tAWD = tAWD ( m i n « ) > the cycle is a read-write cycle and 
data out will contain data read from the selected cell: If neither of the 
above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

13. Operation within the tRrjj)(max.) limit insures that tR^rj(max.) can be met. 
t R ^(max.) is specified as a reference point only: If t^rjD is greater than the 
specified t^ rj (max.) limit, then access time is controlled by t^^. 

14. Operation within the tj^j)(max.) limit insures that t^Q(max.) can be met. 
t RAD( Tnax «) ^ s specified as a reference point only: If tj^jD is greater than the 
specified tj^^max.) limit, then access time is controlled by t^ . 

15. These specifications are applied in the test mode. 
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TIMING WAVEFORMS 
READ CYCLE 



MS 



VlH — •■ 
VlL — 

VlH — " 



tCHP 



MSK 



t AR 



1 CSH 



fc RCD 



tKAD 



l ItAH 



ROVV 
ADDRESS 



V IH ""77777 



D OUT 



vol 



SML. 



COLUMN 
ADDRESS 



i RSH 



l CAS 



Lrp _\ 



tCRP 



7W////////////M/M 



iCAC_ 



tRAC 



tCLZ 



[ j-RRH 



D RCH 



/////// 



ID DATA)- 



WRITE CYCLE (EARLY WRITE) 



RAS 



AO^AIO V IH— 77 

vil — LL 



WRITE 



VlH 



tCRP 



l ASR 



t RC 




tRAS 



*AR 



l RCD 



ROW' 
ADDRESS 




l ASC 



COLl 
ADDRES 



tCAS 



CAH 



} CRT 



-7-* tRAL 



M X/////////////////////M 



jwcs^, 



t-WCR 



*DS 



D IN 



D OUT 



:i~ ///////////////m 



twp 



l CWL 



l wh 



-l 



l m 



VALID DATA 



V OH _ 

vol — 



■ ///////////////////////////////M 



"H" or "L" 
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READ-WRITE CYCLE 



HAS 



A0-A1 



V IL 



VIL 



*1H 



\: 



D OUT 



I>IN 



VOH 



VlH —77 



ROW 
DDRESS 



Vl » -77717, 



'M l^M / 



tRCS 



W//// /, 



tRWC 



i RSH 



t CAS 



tRAL 



tRWD 



t AWD 



1 cwd 



OPEN 



tRAC 




icup 



tpWL. 



VALID DATA 



WMMMIl 



mc 



wmu, 



> 



7JJ\ : "H n or "L" 
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NIBBLE MODE READ CYCLE 



AO-A10 



Dqut 



WRITE 



VQH 

vol 




w w 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 



CAS 



Vih —77 



V IL 



WRITE 



VlH —/ 



*IL 



Din 



D OUT 



VOH 

vol 



L RAS 



l AR 



J- RAD J 
l RAH 



ROW 

ADD 



t ASC 



COL 

ADD 



JWCF. 



twcs fc 



»M - 



:;: - wuMM 



CAH 



M 






^WCj^ 



twp 



twcs 



t CWL 



VALID 
DATA 



tDHR 




t\\CH 



NRSH 




- ^ /^ 



^NCWL J 



VALII 
DATA 



^mMFM^FM 



d^J L 



OPEN 



: "H" or "L" 



^ 
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NIBBLE MODE READ-WRITE CYCLE 



AO-A10 



WRITE 



VlL 



V IH 
V IL 

VlH 



^SR 



tRAS 



wm&.. 



*awd 



VlH 



D OUT 



V H 
v OL 



^RAD 



tRWD 



t CAH 



COL 
ADD 



M 



t cwp , t cy d 



tAA 



U WP 



l U£W. 



A 



l WP 



t CLZ 



t QFF 



VALID 
DATA 



/A_/^_/A 



C NRWL 



WMMX^M^m^M 



tNCAC 



T 



\ />at,td\ / vat.tt A A alttA 

j/ N ^DATA / \DATA / \DATA / 



/22j: "H" or "L" 
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RAS ONLY REFRESH CYCLE 



TC51401 J/Z-80; TC514101 J/Z-lfl 



V IL 



Vth — 



V 




tASR 



A0-A9 



VlH — 



L RAH 



i BC 



Y 



l RVC 




UL 



D OUT 



vol — 



"H" or "L" 



NOTE: WRITE="H" or "L" , A10="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 



VlL — " 



v IH -7J 

VlL — ^ 



D OUT 



v OH 



vol 



1 RFC 



r~\ 



twi^p 



tCHH 



t-wnn 



tQFF 



> 



i 



777 



WBMMMMMMfik 



OPEN 



NOTE: A0^A10= n H" or "L" 



"H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



*IH 



^CRP 



CAS 



A0-A10 



WRITE 



>III — // 



D OUT 



V 0L 



tRC 



tRCD l RSH 



tRAD 



RAH l ASC 



ROW 



\CAH 



COLUMN 



tRAC 



tCLZ 




7 wm/ l 




MVRH 



*AA_ 



VALID DATA 



/" 



B8M 



f 



J- OFF, 



y 



7JJX : "H" or M L" 
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HIDDEN REFRESH CYCLE (WRITE) 



RAS 



Vm 




t ASR 



A0-A1 / 

VlL ~ 




tRC 



tHAS 



l RAD 



JRAIj, *ASC 



D IN 



'IH 



V IL 



"IL 



D RSH, 



COLUMN 



JWCR 



twcs 



tDS 



tflWL 



i-WCH 

*wp 



t RP 



t WRP 



tCHR 



twRH 



t DH 



yY VALID DATA Y/// 



/ 



/ 



^ W////////////////M 



DqUT 



VOH — 

vol ~ 



OPEN 



Wk "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 




: "H" or "L" 
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TEST MODE IN CYCLE 





VlH " 
VlL " 

VlH - 

VlL - 

VlL " 
VOH " 

vol - 










tRC 






L 




l^ l HP 






I 







" /t 


\ 




tRAS T 


\ 




/ l RPC 


^CSR 




J 




— / * 

l CP 




t cvm 






: / 




mm//////////////mw///////////// l 


CAS 


\ 
















tWTH 






///////////// 


\ u 


^TS_ 


0////////////////M//////////////M 


WRITE 


J////////////K 










t . 0FF 


\ 






_ 




D OUT 


■ OPEN -■ L ■■-' ' "" ■' ■■ " ' ■-■"" " """ '■"""" 




NOTE: I 


D IN» 


A0^.A: : ">■ " or "L n 


7// : "H" or "L" 
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APPLICATION INFORMATION 

ADDRESSING 

The 22 address hits required to decode 1 of the A, 194, 304 cell locations within 
the TC514101J/Z are multiplexed onto the 11 address inputs and latched into the on- 
chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS) , latches the 11 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 11 column address bits into the chip. Each of these signals, RAS, and 
CAS , triggers a sequence of events which are controlled by different delayed inter- 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAn) nas been satisfied and the address inputs 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 



a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (D-j-^) register. 
This permits several options in the write cycle timing. In a write cycle, if the 



WRITE input is brought low (active) prior to CAS, the D IN is strobed by CAS and the. 
set-up and hold times are referenced to CAS. If the input data is not available at 



CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, D IN is referenced to 



WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Dj$ referenced to CAS) . 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low) . Data read from the selected cell will be available at the ouptut 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dq UT ) of the TC514101J/Z is the high 
impedance (open circuit) state. This is to say, anytime CAS is at a high level, the 
^OUT P^- n W ^TT be floating. The only time the output will turn on and contain either 
a logic or logic 1 is at access time during a read cycle. DoiJT w iH remain valid 
from access time until CAS is taken back to the inactive (high level) condition. 



NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at trj^C 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate. Row and column address need only be supplied 
for the first access of the cycles. From then on, the falling edge of CAS will 
activate the next bit. After four bits have been accessed, the next bit will be 
the same as the first bit accessed (wrap-around method) . 

r— (0, 0) -(0, 1) -(1, 0) -(1, 1) , 

I I 

Address A10 determines the starting point of the circular 4 bits nibble. Row A10 
and column A10 provide the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary fashion; 00 -* 01 -> 10 ■* 11 with 
A10 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any combinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap- 
around will continue for as long as RAS is kept low. 



RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row address (A0^A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 
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CAS BEFORE RAS REFRESH 



CAS before RAS refreshing available on the TC514101J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (tcSR^ before RAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op- 
eration is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC514101J/Z is that refresh cycles may be per- 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refersh. Hidden Refresh is performed by holding CAS at Vj L and taking RAS high and 
after a specified precharge period (t^p) , executing a CAS before RAS refresh cycle. 
(See Figure below) 



MEMORY CYCLE 



RAS 



CAS 



Adijt 



\ 



OPEN 



< 



REFRESH CYCLE 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514101J/Z can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the internal 
counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa- 
tion cycles. The test procedure is as follows. 

© Write "0" into all the memory cells at normal write mode. 

© Select one certain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . 
Repeat this operation 1024 times. 

© Check "1" out of 1024 bits at normal read mode, which was written at © . 

© Using the same column as © , read "1" out and write "0" in each cell per- 
forming CAS BEFORE RAS REFRESH COUNTER TEST. 
Repeat this operation 1024 times. 

© Check "0" out of 1024 bits at normal read mode, which was written at ©. 

© Perform the above © to © the complement data. 
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TEST MODE 

The TC514101J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode rr , data are written into 8 sectors 
in parallel and retrieved the same way. A10R, A10C and AOC are not used. If, upon 
reading, all bits are equal (all "l"s or "0"s), the data output pin indicates a "1". 
If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514101J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 512K DRAM. 



"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 15 puts the 
device into "Test Mode". And "CAS Before RAS refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test times 
(1/8 in case of N test pattern) . 
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BLOCK DIAGRAM IN TEST MODE 



Normal 



A10R,A10C,AOC 
O — p 



51 2K block 



A10R,A10C,A0C 
-~0^_p 



51 2K block 



A10R,A10C,AuC 



512K block 



A10R,A10C,A0C 



512K block 



A10R,A10C, AOC 
CK^p 



512K block 



A10R,A10C,A0C 
-O^p 



512K block 



A10R,A10C,A0C 



512K block 



A10R,A10C,A0C 
o^p 



512K block 




A10R,A10C, AOC 

•v. 



Normal 



C 



Test 



D out 




Normal 



c 



A10R,A10C,A0C 

N 



Fig. 1 
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Plastic SO'J 



Unit in mm 



1 7.0 2- 


-1 7.27 




26 25 24 23 22 


18 17 16 15 \\ 
i — i i — i i — i i — i i — \ - 




/ 




o 




INDEX DOT 




\ 

oo 

,! 




I i i ii ii — i i— J 


l__j I > L-J 1 — 1 1 — J 







12 3 4 5 



0.8 M1N. 



n?" 



^ 



10 11 12 13 



l 


,. 




LO 


o 




CM 


o 




oo 


en 




CO 






CO 


*X> 




r- 


o 




) '' 




/ 





0.66-0.8 1 




0.-1 1-0.5 




1.27 TYP. 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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Plastic ZIP 




vvvvvvvvvv 

0.5 ±0.1 



YVVVVVVV 

1.27 TYP. 



13 5 7 9 11 13 15 17 19 




2 4 6 8 10 12 14 16 18 20 



Unit in mm 



3.0 MAX 



J F 



2 
o 

CO" 



rt^K 



+ 0.0 7 
0.2 5-0.0 5 



1.2 7 TYP. 



25 4 TYP. 



Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC514102J/Z-80, TC514102J/Z-10 



DESCRIPTIOM 

The TC514102J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 

as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514102J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion ecuipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL . 



FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 





TC514102J/Z-80/-10 


tRAC RAS Access Time 


80ns 


100ns 


t Column Address 
AA Access Time 


40ns 


50ns 


tCAC CS Access Time 


20ns 


25ns 


tRC Cycle Time 


150ns 


180ns 


r Static Column 
bL Mode Cycle Time 


45ns 


55ns 



Single power supply of 5VU0% with a 



built-in V 



BB 



PIN CONNECTION (TOP VIEW) 



Plastic 



SOJ 



Plastic ZIP 



1>INC 



UR1TEC2 
RASC i 
N.C. Z 1 

AH) [5 

A0 C <J 
Al C 10 
A2C11 
A3 [ 12 
VCC[13 



2b ] v S s 
25 ] Coi r 

21 ](\s 
23 ]\.<\ 

22 ] v.> 

18 3 \<s 

17 3A7 
16 3A6 
15 3 \5 
14 ]Ai 





■ --, 








1 i 


r ">" 




' 1 T 


-,"-! 




OS 










D\\ 


-C_I 


L.L 


v.ss 


urn ri: 


IAS 




i — 




\ O 


- ( j-, 


L ' s 


\1() 




_'_ J 


nir 


x 


AO 










T 7 




A 2 


y^ 




1 * 








Vcc 


-,--t 




A3 






jib 


VI 




1 






A 7 


vl 


UUi 


At) 






i4l 


\8 



PIN NAMES 



A0 "o A10 


Address Inputs 


RAS 


Row Address Strobe 


din 


Data In 


Dout 


Data Out 


cs 


Chip Select Input 


WRITE 


Read/Write Input 


vcc 


Power (+5V) 


v S s 


Ground 


N.C. 


No Connection 



Low power 
550mW Operating (TC514102J/Z-80) 
468mW Operating (TC514102J/Z-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 

Common I/O capability using "EARLY WRITE" 
operation 

Read-Modif y-Urite, CS before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

All inputs and output TTL compatible 

1024 refresh cycles/16ms 



Package 



BLOCK DIAGRAM 
yTiuTT: o 1 



Plastic SOJ: TC514102J 

Plastic ZIP: TC514102Z 



n 



o 



.3 CLOCK 
;.\LfL\TOE 



A0 O- 

Al O- 
A2 O- 
A3 O- 
A4 O- 
A5 O- 
Afi O 
A7 Q- 
A8 O- 
A9 O— 
\1 C O- 



)ATA 01 T 
-Hlil FLER 



COLUMN 
A 1)1) R ESS 



CERLSH 
>N TROLL ER 



EERLSH 

crcRfin 



IT 



ROW 
AOIC 



zn 



i=t> 



COH MN 

LOO DEL 



SENSE AMP. 
I/O GATING 



CLOCK 
\ VJ'OK 



m 



MEMORY 

A R [ U \ 



SLBSTRATE HI AS 

gknlhator 



vcc 

vss 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTE 


Input Voltage 


VlN 


-1^7 


V 


1 


Output Voltage 


VOUT 


-1^7 


V 


1 


Power Supply Voltage 


v C c 


-1% 7 


V 


1 


Operating Temperature 


T OPR 


0^ 70 


°C 


I 


Storage Temperature 


TSTG 


-55^150 


°C 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C*sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS 


(Ta= 


=0^ 70 


3 C) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Inpiit Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=CW0°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS, Address Cycling: t RC =t RC MIN.) 


TC514102J/Z-80 


- 


100 


mA 


3, 4 


TC514102J/Z-10 


- 


85 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS-CS=V IH ) 


- 


2 


mA 




I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CS=V IH : t RC =t RC MIN.) 


TC514102J/Z-80 


- 


100 


mA 


3 


TC5M102J/Z-10 


- 


85 


X CC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 

(RAS=CS=V IL , Address Cycling: t sc =t sc MIN.) 


TC51 1102J/Z-80 


- 


60 


mA 


3, 4 


TC514102J/Z-10 


- 


50 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V CC -0.2V) 


- 


1 


mA 




I CC6 


CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: t RC =t RC MIN.) 


TC51 H02J/Z-8 


- 


100 


mA 


3 


TC514102J/Z-10 


- 


85 


I KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V = V IN = 6 . 5V, All Other 

Pins Not Under Test=0V) 


-10 


10 


PA 




I KL) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V < V QUT < 5 . 5V) 


-10 


10 


UA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (I 0L j T =-5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (I 0UT =4 . 2mA) 


- 


0.4 


V 
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TC514102J/Z-80, TC514102J/Z-1 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0'WO°C) (Not 



es 5, 6, 7) 



SYMBOL 


PARAMETER 


TC514102J/2 

-SO 


TC514102J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


150 


- 


180 


- 


ns 




tRWC 


Read-Write Cycle Time 


175 


- 


210 


- 


ns 




t SC 


Static Column Mode Cycle Time 


45 


- 


55 


- 


ns 




t SRWC 


Static Column Mode Read-Write Cycle Time 


80 


- 


10Q 


~ 


ns 


- 


tRAC 


Access Time from RAS 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CS 


~ 


20 


- 


25 


ns 


8,13 


z AA 


Access Time from Column Address 


- 


40 


- 


50 


ns 


8,14 


r ALW 


Access Time from Last Write 


- 


75 


- 


95 


ns 


8,15 


t CLZ 


CS^ to Output in Low-Z 


J 


- 





- 


ns 


8 


t OFY 


Output Buffer Turn-off Delay 





20 





30 


ns 


9 


t AOH 


Output Data Hold Time from Column 
Address 


5 


- 


5 


- 


ns 




tow 




- 


20 


- 


25 


ns 




Output Data Enable Time from WRITE 


twOH 


Output Data Hold Time from WRITE 





- 





- 


ns 




t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


t RP 


RAS Precharge Time 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


SO 


10,000 


100 


10,000 


ns 




tRASC 


RAS Pulse Width (Static Column Mode) 


80 


200,000 


100 


200,000 


ns 




C RSH 


RAS Hold Time 


20 


- 


25 


- 


ns 




tcSH 


CS Hold Time 


80 


- 


100 


- 


ns 




11 CS 


CS Pulse Width 


20 


10,000 


25 


10,000 


ns 




tcsc 


CS" Pulse Width (Static Column Mode) 


20 


200,000 


25 


200,000 


ns 




tRCD 


RAS to CS Delay Time 


20 


60 


25 


75 


ns 


13 


C RAD 


RAS to Column Address Delay Time 


15 


40 


20 


50 


ns 


14 


tCRP 


CS to RAS Precharge Time 


5 


- 


10 


- 


ns 




t C? 


CS~ Precharge Time 


10 


- 


10 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


15 


! 


ns 




L ASO 


Column Address Set-Up Time 








- 


ns 




t CAH 


Column Address Hold Time 


15 
60 


20 


- 


ns 




tAWR 


Write Address Hold Time referenced to 
RAS 


- 


75 


- 


ns 




t AR 


Column Address Hold Time referenced to 
RAS 


90 


- 


115 


- 


ns 
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TC514102J/Z-80, TC514102J/M0 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 




SYMBOL 


PARAMETER 


TC514102J/Z 
-80 


TC514102J/Z 
-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t RAL 


Column Address to RAS Lead Time 


40 


- 


50 


- 


ns 




C RCS 


Read Command Set-Up Time 





- 





- 


ns 




t-RCH 


Read Command Hold Time 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time referenced to RAS 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


20 


- 


ns 




tWGR 


Write Command Hold Time referenced to 
RAS 


60 


- 


75 


- 


ns 




tWP 


Write Command Pulse Width 


15 


- 


20 


- 


ns 




C WI 


Write Command Inactive Time 


10 


- 


10 


- 


ns 




t AE 


Column Address Hold Time referenced to 
RAS Rise 


5 


- 


10 


- 


ns 


16 


tLWAD 


Last Write to Column Address Delay Time 


20 


35 


25 


45 


ns 


15 


tAHLW 


Last Write to Column Address Hold Time 


75 


- 


95 


- 


ns 




C RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


ns 




tcWL 


Write Command to CS" Lead Time 


20 


- 


25 


- 


ns 




t DS 


Data Set-Up Time 





- 





- 


ns 


11 


t=DH 


Data Hold Time 


15 


- 


20 


- 


ns 


11 


C DHR 


Data Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


16 


- 


16 


ms 




t WCS 


Write Command Set-Up Time 





- 





- 


ns 


12 


t CWD 




20 


- 


25 


- 


ns 


12 


CS to WRITE Delay Time 


t RWD 




80 


- 


100 


- 


ns 


12 


RAS to WRITE Delay Time 


t AWD 




40 


- 


50 


- 


ns 


12 


Column Address to WRITE Delay Time 


t CSR 


CS" Set-Up Time (CS before RAS Cycle) 


10 


- 


10 


- 


ns 




tCHR 


CS Hold Time (CS before RAS Cycle) 


30 


- 


30 


- 


ns 




t RPC 


RAS to CS Precharge Time 





- 





- 


ns 




tCPT 


C!T Precharge Time 

(CS" before RAS Counter Test Cycle) 


40 


- 


50 


- 


ns 




t WTS 


Write Command Set-Up Time (Test Mode In) 


10 


- 


10 


- 


ns 




t WTH 


Write Command Hold Time (Test Mode In) 


10 


- 


10 


~ 


ns 




tWRP 


WRITE to RAS Precharge Time 
(CS before RAS Cycle) 


10 


- 


10 


- 


ns 




t WRH 


WRITE to RAS Hold Time 
(CS" before RAS Cycle) 


10 


- 


10 


- 


ns 
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TC5141Q2J/Z-80, TC5141Q2J/Z-10 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Note 17) 



SYMBOL 


PARAMETER 


TC514102J/Z 
-80 


TC514102J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


155 


- 


185 


- 


ns 




C RWC 


Read-Write Cycle Time 


180 


- 


215 


- 


ns 




tsc 


Static Column Mode Cycle Time 


50 


- 


60 


- 


ns 




tSRWC 


Static Column Mode Read-Write Cycle Time 


85 


- 


105 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


105 


ns 


8,13 


tCAC 


Access Time from CS 


- 


25 


- 


30 


ns 


8,13 


t AA 


Access Time from Column Address 


- 


45 


- 


55 


ns 


8,14 


tALW 


Access Time from Last Write 


- 


80 


- 


100 


ns 


8,15 


t RAS 


RAS Pulse Width 


85 


10,000 


105 


10,000 


ns 




t RASC 


RAS Pulse Width (Static Column Mode) 


85 


200,000 


105 


200,000 


ns 




tRSH 


RAS Hold Time 


25 


- 


30 


- 


ns 




tcSH 


CS Hold Time 


85 


- 


105 


- 


ns 




t CS 


CS Pulse Width 


25 


10,000 


30 


10,000 


ns 




tcsc 


CS Pulse Width (Static Column Mode) 


25 


200,000 


30 


200,000 


ns 




tRAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




Z C\-JD 




25 


- 


30 


- 


ns 


12 


CS to WRITE Delay Time 


t Rl^D 




85 


- 


105 


- 


ns 


12 


RAS to WRITE Delay Time 


t AWD 


Column Address to WRITE Delay Time 


45 


- 


55 


- 


ns 


12 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0W0°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cn 


Input Capacitance (A0%A10, Din) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CS, WRITE) 


- 


7 


P F 


c 


Output Capacitance (Dqut) 


- 


7 


pF 
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TC514102J/Z-80, TC514102J/M0 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Note 17) 



SYMBOL 


PARAMETER 


TC514102J/Z 
-80 


TC514102J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


155 


- 


185 


- 


ns 




tRWC 


Read-Write Cycle Time 


180 


- 


215 


- 


ns 




tsc 


Static Column Mode Cycle Time 


50 


- 


60 


- 


ns 




t SRWC 


Static Column Mode Read-Write Cycle Time 


85 


- 


105 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


105 


ns 


8,13 


tCAC 


Access Time from CS 


- 


25 


- 


30 


ns. 


8,13 


C AA 


Access Time from Column Address 


- 


45 


- 


55 


ns 


8,14 


t MU 


Access Time from Last Write 


- 


80 


- 


100 


ns 


8,15 


11 RAS 


RAS Pulse Width 


85 


10,000 


105 


10,000 


ns 




t RASC 


RAS Pulse Width (Static Column Mode) 


85 


200,000 


105 


200,000 


ns 




tRSH 


RAS Hold Time 


25 


- 


30 


- 


ns 




t CSH 


CS Hold Time 


85 


- 


105 


- 


ns 




t CS 


CS Pulse Width 


25 


10,000 


30 


10,000 


ns 




tcsc 


CS Pulse Width (Static Column Mode) 


25 


200,000 


30 


200,000 


ns 




C RAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




t C\^D 




25 
85 


- 


30 


- 


ns 


12 


CS Co WRITE Delay Time 


t RWD 




- 


105 


- 


ns 


12 


RAS to WRITE Delay Time 


t A\m 


Column Address to WRITE Delay Time 


45 


- 


55 


- 


ns 


12 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cn 


Input Capacitance (AO^AIO, Din) 


- 


5 


P F 


Cl2 


Input Capacitance (RAS, CS, WRITE) 


- 


7 


pF 


c 


Output Capacitance (Dgyr) 


- 


7 


pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages ar^ referenced to V55. 

3. ICC1» I CC3> X CC4> I CC6 depend on cycle rate. 

4» *CC1 > X CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS before RAS in- 
itialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t^=5ns. 

7. Vip^min.) and VirCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between V jj_j and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. topF(~s>:. ) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 

10. Either t^rjn or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and 
to If RITE leading edge in read-write cycles. 

12. t^cS' t RU r D» tcVJD an d tAWT) are not restrictive operating parameters. They 
are induced in the data sheet as electrical characteristics only. If t^irjg = 

t; jq^( 7: in . ) and L\,j(;]j - tvrjp(min.)» the cycle is an early write cycle and data out 
pin will remain open circuit (high impedance) throughout the entire cycles; if 
t pj;-p = tyypOun . ) , t rvj) 4 t (- -pj (min . ) and t Amp = tA\jp(min . ) , the cycle is a read- 
write cycle and the data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data 
out (at ticcess time) is indeterminate. 

13. I'peratior, within the t[>rjp(min.) limit insures that t[^(-(na:;.) can be met. 
ti.^p/max . ) is specified as a reference point only: If t^^rj is greater than the 
specified t i^n/max . ) limit, then access time is controlled by trx\rj. 

14. Operation within the tp w \p(r\ax.) limit insures that tpAC^ max -~) can be met. 

t rad (max. ) Is specified as a reference point only: If tp w \p is greater than the 
specified tpAn( ITiax • ) limit, then access time is controlled exclusively by t/ u \. 

15. Operation within the t]^xvi)( TTiax • ) limit insures that t Aiy J" ( ma x . ) can be met. 
tn,TAj)(max. ) is specified as a reference point only: If tpwAD is greater than the 
specified tr^^max.) limit, then access time is controlled exclusively by t^. 

16. t L \\\ is the condition to latch column address when RAS has rised up. 

17. These specifications are applied in the test mod-.. 
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TC514102J/Z-80, TC514102J/M0 



TIMING WAVEFORMS 
READ CYCLE 



AO-A10 



tRC 



St 



t IL\,S 



ROW ADDRESS 



tew* 



m. 



tlUD 



fc RAL 



COLIALN ADDRESS 



1 l RCD 



tRCS 



t(JS 



m 



l RCU 



™ ;:;;' z //////////////////// m 



tAA 



^ 



D 0(:T 



WRITE CYLCE (EARLY WRITE) 



VALID DATA 



> 



AO-A10 



WRITE 



Dtm V IIJ 



*>OUT 




• "u" nv "T." 
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TC514102J/Z-80, TC514102J/M0 



REA D-WRITE CYCLE 



1 1AVC 



Vm 



' IL 



\ 



JLlli^l. 



A0-A10 '// ^ Hav ADDRESS 



1 ( \AI 1 i 



MG^ 



t RCD 



MN ADDRESS 



V/ ' ' ' I ' } !lli n iinnm mum 

Mlillilillllllllilililillliliil 



1 KW1 



V 



t AWI) 



T ^: II II illl Hi II III If 



\A 



zzMl 



^CRP 



D 1N 7 

v., — - 



:■:■.•■'!/;// :■•■■ ■/// ''/m ^^T fM//////////////////////// 



I t(/AC 



1 CLZ 



t\vr 

t-AOH 



tOFF ! 



\ALID DATA 



Whr 



: M H" or "L" 
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TC514102J/Z-80, TC514102J/Z-10 



STATIC COLUMN MODE READ CYCLE 



RAS 



A0-A10 



D OUT 




V/A: ,? H" or "L" 
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TC514102J/Z-80, TC514102J/Z-10 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 




tnnii * — i ^ 



v in — 7 



WL. 



VALID 
DATA 



VALID W//N V 
DATA 



WML 



holt 



V ()I. 



static coll:!:.' mode write CYCLE (EARLY WRITE) 



V 



l RASC 



V\y 



»<)! 



N II. —'' 

\()IJ — 
^ol — 



ai )i hilssjY///\ .\dj >uess 

1 AW K 



tRAD ILVSC 



TV CUU ACS V7>/(:oLiAI\ V77 
// / A _AJ)1)KLSSA / / A-M)1)HLSS^ / / / 



S 



Uvcs 



\ 



t dhr 



t|)S 






trilP 



l WI _|_. 



3 



h\vl 



^ tw 
twcn 



3 



/ 



■•'' iMgp ^ 



, . . \ \LI l> Y / // / A/ \ ALII) 

//A-^^TA A///A DATA 



LZ3 : 



"11" or "L" 
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STATIC COLUMN MODE READ-WRITE CYCLE 



Vil 



A0-A10 



CS 



VlH -/ 
ViL " 

VlH " 

ViL " 



N: 



l RAH 



ROW 
ADDRESS 



tCAH 



t RAD 



t RCS 



tRWD 



W 



tflCD 



COLUMN 
ADDRESS 



"WM TMirW /. 



tSRWC 



.Ntz: 



*AWD 



tfJS *T 



- ::- w////////////////////m ^ WMmr ®FW,. 



t V vp 



/ 



JDH 



/ 



IoRpJ 



f 



DOUT 



v OH 



v OL ' 



l CLZ 



tCAC 



l AOH 



t-ALW 



m^^mi 



tow 



tQFF 



VALID DATA 



mm 



STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
V IH ~ If 



^IL ~ tRQ)! 



tASR: 



A0-A1 



A A 



tRAD 



ROW 

ADDRESS 



COLUMN ADDRESS 



— V IH 
CS m 

ViL" 



WRITE 



Din 



D OUT 



\ 



^AWR 



m 



r, 



LWAD 



z-'-Wkj^emml 



VOH ~ 

Vol~ 



COLUMN 
ADDRESS 



■MMKmnii 



l AWD 



INVALID DATA 



l WP 



^ L DH ^ 



VALID 
DATA 



m 



Itai 



l A.A 



-0C 



1AOH 



VALID 
DATA 



LL 



VALID V" VALID V 
DATA / \ _ DATA 1\ 



: "H" or "L 
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RAS ONLY REFRESH CYCLE 



TC514102J/Z-80, TC514102J/Z-10 



MH 



\ 



VlH 
VlL 



A0-A9 // 



' IL 



l RAH 



////%_ ADDRESS } (//, 



tRAS 



i \ 



tRP 



mMSMMMMm 



D OUT 



: "H" or "L" 



NOTE: WRITE="H" or "L", A10="H" or "L" 
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TC514102J/Z-80, TC514102J/Z-10 



CS BEFORE RA S REFRESH CYCLE 



/// 



d oi;t 









1 HC 










fi 4 


1 1 LAS 






L tRP 






I 




1 UPC ! 


} 


~1 


V 










1 










i 





l ci 3 resit 



tCHK 



. t\\aji» 




UVIIH 



mm 



> 



NOTE: AO ^ A10="H" or "L" 



n H f * or "L" 



TC514102J/Z-80, TC514102J/Z-10 



HIDDEN REFRESH CYCLE (READ) 



RAS 



"IL 



VlH 



'IL 



v IH — / 
A0-A10 A 

VlL " 



l RC 



tRAS 



if 



l RCD J 



■« l RAD ». 



iRAH t ASC 



ROW 
ADDRESS 



°()UT 



t RCS | 



^ * RSH ^ 



tRAL 



M i 3MB. ^ 



:;: -jmmmw 



t R\C 



t CLZ 



t AH 



l RAS 



y 



^M 



t RRH 



l CAC 




twn 




VALID DATA 



F77I: "H" or "L" 



fJlL 



'/i 
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TC514102J/Z-80, TC514102J/Z-10 



HTDDEN REFRESH CYCLE (WRITE) 



t Cl\P 



w , , in MH ~T7/7>J ROW 
A °^ A1G ,. ////N ADDRESS 




1 RAS 



N: 



ti 



1 ILAJI A-YSC 



JCAJ I 



COLLIN 
ADDRESS 



\ 



tCIIR 



miMijimiJ, '■' w/mw. 



t \VCR 



luTi: *'* //A 
vir. -^ 



777777777777777 



^ 



twos 



1 RWL 



l \VCI 



tWRP I 



^WRHJ 



W Wo, WIIP 






' ID > ' // // 



V ////////////// A VALIP 1UTA 



y//;//// /r? T\ ////////77~'777 7 7y / 



V UD — 



"OUT 



"H" or "L" 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



READ CYCLE 



AG ~\ 10 



Mus 



it — N= 



t rs 



n /////// /n • 



m>t 



ij^J 



, t.uj 



rOUAlN A DDR CSS 



!\)l T 



UVTIP 



V IH —////// 



WRITE CYCLE 



UvitJh 



ukiTT: Mil 



2F 



1L 



READ-URITE CYCLE 
Vin - 



A0— Uu 



V] 



twRP , 



>» -777, 



ML " 



Hvuii Mies i ■ KrL 



\ALID DATA 



^///m//r 

t \SC. ! j 1 CAH 



////////// 



//////// ////A[Ai)DRES s JK////, 
Muvl 



"^ /////v///; 



t \W/^ 



r 



////////////// 



1 Will I 



I ! t au 



U\cs 



IM 



1 \vp 



imi 



l I)S , . '^ 1 ^ 1 1>11 ^ 



LZZ^ 



^ M.vau.mutvjX/-^' ..-'„./ 7.7777/, 



1 ('All I 



y/^y//^ (:oLrUN A!: 



r "//. W<"', 



l \mi 



'////r "«<//////// 



7 7T/ 



l CLZ 

l A\VA 



turr 



fP DATA y 



k'WD 



1 CVVL 



tWP 



1 DH 



t\VOI I 



X-ym/////m 



V77///7/777//77? tiA®r W////7/7/////////, 



: "H" or "L" 
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TC514102J/Z-80, TC514102J/M0 

TEST MODE IN CYCLE 













Mic 














t ll\ S 




tin- 










V 


V IH 


- / 


\ 






J 


;. j 


VlL 


/ Mipc 


^ t CSR 


\ 






- 


I 




t rp 


1 CI I K 














" l_ 




V IM 


: / 


t- j 


m, 






\ 






v IL 












l \vn{ 




^111 


- 1 ////////////, 


\ tUTS 


MF 


1 // / '////// 


VlL 


J/////// 


////// 


% 


r 


■> 


W//////////i 


7/ 


-/////////// 


w/// 



iua 



^OlT 



NOTE: D IN , AO ' 



u: i! or 



K>Z^ : "H" or "L" 
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TEST MODE 

The TC514102J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. A10R, A10C and AOC are not used. If, upon 
reading, all bits are equal (all "l"s or "0"s), the data output pin indicates a "1". 
If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514102J/Z. In "Test Mode", the AM DRAM can be tested as if 
it were a 512K DRAM. 

"WRITE, CS Before RAS cycle (Test Mode in Cycle)" shown in Page 16 puts the 
device into "Test Mode". And "CS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test times 
(1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN TEST MODE 




Fig. 1 
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TC51 41 02 J/Z-80, TC51 41 02 J/Z-l 



Plastic SOJ 



Unit in mm 



1 J 7 2-1 7 2 7 






26 25 21 23 22 


18 17 16 15 It 




r-~i_.rzi i — i i — i i— i , 


ft <*"~i ' — i r~i i — i - 




/ 




i 








o 








T> 












INDliX DOT 




CO 




1 i i i i — i i 1 i j 


i 1 i_— ) i — i u_ i i — i 







0.8 M1N. 



TP 



lb 



3 ■■! 5 



9 10 11 12 13 



,1 






in 







oq 


CT> 




CO 


en 




X> 


o 




oc 


»,D 




) 


f 







0,6 6 -0.8 1 



0,1 1-050 | 




Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC514102J/Z-80, TC514102J/M0 



Plastic ZIP 



2 6.3 MAX . 



<f 



INDEX DOT 



VvVVVVVV V 



vvvvvvvv 



1 3 5 7 9 11 13 15 17 19 




fl 




I 6 8 10 12 M 16 18 20 



Unit in mm 



T^ 



A% 



+ 0.0 7 
0.25-0.05 



1.27 TYP. 



2.5 4 TY P. 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC514400J/Z-80, TC 5 14400 J/ MO 



DESCRIPTION 

The rC51440UJ/Z is the new generation dynamic RA^l organized l,048,57o words by 4 
bits. The TC514400J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, botli internally and 
to the s-stem user. Multiplexed address inputs permit the TC514400J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro- 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of 5V:10" tolerance, direct interfacing capability with high performance logic families 
such as Schottkv TTL. 



FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 





TC 5 14 400 J/ O30,' -10 


t RAC RAS Access Time 


80ns 


100ns 


t Column Address 
M Access Time 


40ns 


50ns 


t CAC CAS Access Time 


20ns 


25ns 


tRC Cycle Time 


150ns 


180ns 


tpc 


Fast Page Mode 
Cycle Time 


50ns 


60ns 



Single power supply of 5V±10% with a 
built-in Vgg generator 



PIN CONNECTION (TOP VIEW) 



Plastic SOJ 



Plastic ZIP 



'QIC 



/c= 



] : 



- d • 

-C: 
- [. 

-Cl 

•cudi 

PIN NAMES 



i •] 

14] 



"i7 




4 



A0 'v A9 


Address Inputs 


RAS 


Row Address Strobe 


CA^ 


Column Address Strobe 


WRITE 


Read/ Write Input 


OE 


Output Enable 


1/01% 1/04 


Data Input/Output 


vcc 


Power (+5V) 


v S s 


Ground 



• Low Pow T er 

570mW MAX. Operating (TC514400J/Z-80) 
495nW MAX. Operating (TC5144G0J/Z-10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 

dimensional chip selection 

• Read-Modify-Write, CAS before RAS refresh, 

RAS~only refresh, Hidden refresh and 
Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514400J 

Plastic ZIP: TC514400Z 



BLOCK DIAGRAM 



/oi 



1/03 1/34 



I I 



,1111, 



TO 



A0C 
AlC 
A2C 
A3C 
A4C 
A5C 
A6C 
A7C 
A8C 
A9C 



COLUMN 
ADDRESS 
i J UFFEF( 10) 



REFRESH 
CONTROLLE1 



DATA OUT 
BUFFER 



ITFT 



REFRESH 

ER( 10) 



1C T" CQUNTE. 
_j)| ROW 



ADDRESS 
BUFFER (10) 



COLUMN 
DECODER 



SENSE AMP 
I/O Q ATE 



No. 1 CLOCK 
GENERATOR 



~5 « 



-1024-- 
X4 



C^ 



MEMORY 

ARRAY 

1034X1024X4 



SUBSTRATE BIAS 
GENERATOR 
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TC514400J/Z-80, TC514400J/Z-10 



ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1^ 7 


V 


1 


Output Voltage 


v OUT 


_1% 7 


V 


1 


Power Supply Voltage 


v C c 


-1% 7 


V 


1 


Operating Temperature 


T OPR 


0^ 70 


°C 


1 


Storage Temperature 


TsTG 


-55^ 150 


°c 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C*sec 


1 


Power Dissipation 


?D 


600 


mW 


1 


Short Circuit Output Current 


Jqut 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0a,70 o C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


V IL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70 


3 c) 










SYMBOL 


PARAMETER 


MIN. 


MAX . 


UNITS 


NOTES 


I cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC =t RC MIN.) 


T'>L.:/LO'.'..,'\->30 


- 


105 


mA 


3,4 


T<Vi<t 4 00.< ' ,-L . 


- 


SO 


I CC2 


STANDBY CURRENT 

Pox^er Supply Standby Current 

(RAS=CAS=V IH ) 


- 


2 


mA 




:RAS ONLY REFRESH CURRENT 
lfJC3 Avpraop Pnwpr Smrnl v Current. RAS Onlv Mode 


7'.-:t.;...J „--> 


- 


105 


mA 


3 




(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


TC 5 1 440 '.J/r-Ln 


- 


90 




X CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=V IL , CAS, Address Cycling: t PC =t PC MIN.) 


Tr51l400J/3-^0 


- 


70 


mA 


3,4 


TO .-1 4400 J/Z- 10 


- 


60 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VcC-0.2V) 


- 


1 


mA 




X CC6 


CAS" BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS", CAS Cycling: tRC=tR C MIN.) 


T.:,14400J/l- ? 


- 


105 


mA 


3 


T--i440oayz;-io 


- 


90 


I KD 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V5 V IN 1 6.5V, All Other Pins Not Under Test=0V) 


-10 


10 


UA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V^V O UT= 5 - 5V 


-10 


10 


MA 




V0H 


OUTPUT LEVEL 

Output "H" Level Voltage (I.ouT = " 5raA ) 


2.4 


- 


V 




v ol 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT =Zf »2mA) 


- 


0.4 


V 
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TC514400J/Z-8Q, TC514400J/Z-10 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^7O°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC514400J/Z 
-80 


TC514400T/Z 
-10 


UNIT 


NOTES 


Ml a. 


'MAX . 


MIN . 


MAX . 


t RC 


Random Read or Write Cycle Time 


150 

205 


- 


180 


- 


ns 




Him 


Read-Mod i f y-Wri t e Cyc I e T ime 


- 


245 


- 


ns 




t ?C • Fast ?a-<2 Mode C-ole Time 


50 


60 


- 


ns 




tpRMv: 


Fast Page Mode Read-Modif y-Write Cycle *~~ 

Time | 


115 


- 


ns 




Access Tine from RAS 


- i 80 


- 


100 


ns 


8,13 


tCAC 


Aocess Time from CAS 


20 


- 


25 


ns 


8,13 


tAA 


Access Time from Column Address 


- "j 40 


- 1 50 


ns 


8,13 


tCPA 


Access Time from CAS Precharge 


- 


45 


~ ! 55 


ns 


8 


t CLZ 


CAS to Output in Low-Z 





- 





- 


ns 


8 


t OFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


9 


C T 


Transition Time (Rise and Fall) 


J 


50 


3 


50 


ns 


7 


t R? 


RAS Precharge Time 


60 


- 


70 


_ 


ns 




t RAS 


RAS" Pulse Width 


80 


10,000 


100 


10,000 


ns 


- ■ — 


t RASP 


RAS Pulse Width (Fast Page Mode) 


80 


200,000 


100 


200,000 


ns 


t RSH 


RAS Hold Time 


20 


- 


25 


- 


ns 





t CS^ J 


CAS Hold Time ! 80 


- 


100 


- 


ns 


t CAS 


CAS Pulse Width j 20 


10,000 


25 


10,000 


ns 




t RCD 


RAS to CAS Delay Time j 20 


60 


25 


75 


ns 


13 


t RAD 


~RAS~ to Column Address Delay Time 1 15 


40 


20 


50 


ns 


14 


^RP 


CAS to RAS Precharge Time 5 


- 


10 


- 


ns 




C CP 


CaT Precharge Time 1 10 


- 


10 


- 


ns 




fc ASR 

_t RAH^ 
' C ASC 


Rov; Address Set-Up Time j 


- 





- 


ns 




Ro\-j Address Hold Time 


10 


- 


15 


- 


ns 




Column Address Set-Up Time 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


20 


- 


ns 




t AR 


Column Address Hold Time referenced to 

RAS 


60 


- 


75 


- 


ns 




t RAL 


Column Address to RAS Lead Time 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 


ns 




tRCH 


Read Command Hold Time 





- 





- 


ns 


10 
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TC514400J/Z-80, TC514400J/Z-10 



ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC514400J/ 
Z-80 


TC514400J/ 
Z-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX . 


C RRH 


Read Command Hold Time referenced to T<XS 








- 


ns 


10 


ttfCH 


Write Command Hold Time 


15 


- 


20 


- 


ns 




t WCR 


Write Command Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




1 WP 


Write Command Pulse Width 


15 


- 


20 


- 


ns 




tRWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


ns 




t CWL 


Write Command to CAS Lead Time 


20 


- 


25 


- 


ns 




l DS 


Data Set-Up Time 





- 





- 


ns 


11 


tDH 


Data Hold Time 


15 


- 


20 


- 


ns 


11 


tDHR 


Data Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




tREF 


Refresh Period 


- 


16 


- 


16 


ms 




t WCS 


Write Command Set-Up Time 





- 





- 


ns 


12 


t cm 




50 


- 


60 


- 


ns 


12 


CAS to WRITE Delay Time 


tRWD 




110 


- 


135 


- 


ns 


12 


RAS to WRITE Delay Time 


tAWD 




70 


- 


85 


- 


ns 


12 


Column Address to WRITE Delay Time 


tCSR 


CAS Set-Up Time (CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before RAS Cycle) 


30 


- 


30 


- 


ns 




t RPC 


RAS to CAS Precharge Time 





- 





- 


ns 




tCPT 


CAS Precharge Time 

(CAS before RAS" Counter Test Cycle) 


40 


- 


50 


- 


ns 




tROH 


RAS Hold Time referenced to OE | 10 ; - 


20 


- 


ns 




t OEA 


0E Access Time 


- 


20 


- 


25 


ns 




t OED 


OPT to Data Delay 


20 


- 


25 


- 


ns 




t OEZ 


Output Buffer Turn Off Delay Time from OE 





20 





20 


ns 




tOEH 


OFT Command Hold Time 


20 


- 


25 


- 


ns 




t WTS 


Write Command Set-Up Time (Test Mode In) 


10 


- 


10 


- 


ns 




tWTH 


Write Command Hold Time (Test Mode In) 


10 


- 


10 


- 


ns 




tWRP 


WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




tWRH 


WRITE to RAS Hold Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 
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TC5144IHW/Z-80, TC51440OJ/Z-1O 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 



SYMBOL 


PARAMETER 


TC514400J/Z 
-80 


TC514400J/Z 

-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


155 


- 


185 


- 


ns 




t RiMW Read-Modify-Write Cycle Time 


210 


- 


250 


- 


ns 




fc PC Fast Page Mode Cycle Time 


55 


- 


65 


~ 


ns 




tPRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


105 


~ 


120 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


105 


ns 


8,13 


tCAC 


Access Time from CAS 


- 


25 


- 


30 


ns 


8,13 


tAA 


Access Time from Column Address 


- 


45 


- 


55 


ns 


8,13 


tCPA 


Access Time from CAS Precharge 


- 


50 


- 


60 


ns 


8 


tRAS 


RAS Pulse Width 


85 


10,000 


105 


10,000 


ns 




t RASP 


RAS Pulse Width (Fast Page Mode) 


85 


200,000 


105 


200,000 


ns 




tRSH 


RAS Hold Time 


25 


- 


30 


- 


ns 




t CSH 


CAS Hold Time 


85 


- 


105 


- 


ns 




1 CAS 


CAS" Pulse Width 


25 


10,000 


30 


10,000 


ns 




tRAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




t cm 


CAS to WRITE Delay Time 


55 


- J 65 


- 


ns 


12 






: 115 


| 140 




12 


tRKD 


RAS to WRITE Delay Time 


- 


ns 


11 A WD (Column Address to MITE Delay Time 


75 


- 


90 


- 


ns 


12 


tOEA 


OE Access Time 


- 


25 


- 


30 


ns 




tOED 


OE to Data Delay 


25 


- 


30 


- 


ns 




t OEE 


OE Command Hold Time 


25 


- 


30 


- 


ns 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0%A9) 


- 


5 


pF 






- 


7 


pF 


C I2 


Input Capacitance (RAS, CAS, WRITE, OE) 


c 


Output Capacitance (1/01^1/04) 


~ 


7 


pF 
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TC514400J/Z-80, TC514400J/Z-10 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg* 

3- IcCl» X CC3» I CC4> I CC6 depend on cycle rate. 

4. IqCI > ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required . 

6. AC measurements assume tx = 5ns. 

7. VjyCmin.) and Vj-j^max. ) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and Vjl* 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQp-p(max.) and tQ^yCmax.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t^^y or tj^jj must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 

to WRITE leading edge in read-modif y-write cycles. 

12. tr wCS» t RWD> t CWD au ^ t AWD are not restrictive operating parameters. They are in- 
cluded in the data sheet as electrical characteristic only. If t T JCS = twos (min. ) 
the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If t RWD £ t RWD (min. ) , t CWD £ t CWI) (min. ) 
and tAWD = tAWD (min. ) , the cycle is a ■ read-modify-write cycle and data out will 
contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

13. Operation within the t RCD (max.) limit insures that t RAC (max.) can be met. 
t R rjj)(max.) is specified as a reference point only: If t R Q) is greater than 
the specified t RCD (max.) limit, then access time is controlled by t CAC . 

14. Operation within the t RAD (max.) limit insures that tRAc( max «) can be met. 
tRAD( max *) is specified as a reference point only: If tR^rj is greater than 
the specified tRAD( max# ) limit, then access time is controlled by t^. 
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T651440OJ/Z-8O, TC5144&0J/Z-1O 



READ CYCLE 



* T H 

VlL — 



M H ■ 



r 'AoR 



C RAD , 



_ /////) Qr1s£^ 



- ///////////////. 



J; 



/ \ 



£ 



COLUMN 
A DDF ESS 



y/-uf/;////h//////77m, 



t brV 



:r- my//////// / y///mw^^ p///////// ■////////////////, 



t FAC 



I, Jl~~l/')4 



VlUlliiillllliilill. 



*0 PI- 



ID DATA-CUT } 



: "H" or "L" 



WRITE CYCLE (EARLY WRITE) 



%Z 



v I L 



::zm 



—i L— 



i \ 



tCHP 



^x 



HZ7" 






i^txt3^'////, , ,/////// i a ///Mi. 



t vcs 



™ Z- 'M , m//////k 



t w? 



r ^WL 



w/////m;///////, 



UM 



HWL 



■i/iiiiiiiiiimiiiiiiiiiMim 



•iiiiiiiiiiiiii, 



I/O 1-1/04 



-? VALID DATA-IN £- 
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TC514400J/Z-80, TC514400J/Z-10 



WRITE CYCLE (OE CONTROLLED WRITE) 



VlL- 



^sg. 



- Z~WB. 



L MS 



: RAH 



ROW 
.ADDRESS. 



'v 



^ASC 



COLUMN 
ADDRESS 



/ 



t C AS 



LEAL_ 



C RP 



if 



U t CRP 



¥///f/////////////«f 



V IH- 
VlL- 

VlH. 



-mM/ii/i////i/i///m7m hr^^i/m//m/Mm/M//////, 



OE " ^ 

VlL 



I/O 1-1/04 



l£ P £ 



////////////// 



VALID DATA-IN 



WMMMMUMZm 



TffA : " H " or " L " 



READ-MOD IFY-WRITE CYCLE 



VIH 

VlL~ 



V IH- 
V IL- 



VlL 
VlH- 



l4R_ 



ROW 
.ADDRESS. 




"tASC 



"Q; 



^AH ! 



/~\, 



£ 



COLUMN 
ADDRESS 



w//////////////////////////////////y - 



C AWD 



C RWD 



■7MMMSMM, 



I/O 1-1/04 



VI/OH - 
VI/OL • 



tCLZ 



VALID 
DATA-OUT 



sK^ 



\ 



C CWL J 



"twp 



/ VALID 



DATA-IN 
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TC514400J/Z-80, TC514400J/Z-10 



FAST PAGE MODE READ CYCLE 



RAS 



L ,CRP 



t RASP 



r RAD 



ROW 
ADD 



^ 



t CSH 



COLUMN 
ADDRES 



r\ 



I . t cp , — 1 

Ajr \. tcAs -^ ^~ \- tCAS -/ 



X ASC| j t CAH 



sJ \/////) { r .ADmES s 



J t Rcs 



^r^tf 



jjjflsg 



t RGH 



^RAL 



&^ 



COLUMN 
ADDRESS 



ym^w 



t RCS 



an— 77 



if-lMf jgfi 



I/O 1-1/04 



VQH — 



| t0 jT 



g^»J" 



X CAC 



iOE^ 



VAU- 
DATA-OUT 



*■ 



tyilllfl!//!//, 



iC/A r DATA-OUT } " 



t FF 



"H" or "L" 



FAST PAGE MODE WRITE CYCLE 



t RACF 



~^L t AF__ 



^^v 



t CRPJ [ _ t ECD 



t pc 






I/O 1-1/04 




- Zz jmmm 
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TC514400J/Z-80, TC514400J/Z-10 



FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



VlH- 



VlL* 



Vm-.™-- 



VIL 



VlH 
VlL 



t RASP 



I^JR^X— 



pRCD 



;RAD 
t RAH| 



"tASC 



_smopiK 

2 



VlL — 



I/Ol VI/OH 

1/04 VI/OL 



L PRMW 



■w-^ 



: CAH 



ic£. 



w 



t Q 



V/" 



t CAC 



^EZ 



/ 



"tCAH 



t £SC 



TmfflMMSL 



^DS 



t DH 



OUT t CLZ 



t CWL 



t wp 



:u 



c OEA 



, ftOED 



^S 



# 



t RAL 



OUT 



C AWD 



'CPA 7=-' 



<PC3 



j^RWL 
t CWL 



t WP 



C DS 



"tDH 



7771 * ,fH " or " L " 



Hl 



■ A-254 ■ 



RAS ONLY REFRESH CYCLE 



TC514400J/Z-80, TC514400J/Z-T0 



t RC 



C RAS 



f \ 



C RPC 




VlL- 



"tASR 



7/V ROW VA 
/A ADDRESS hJJ 



IK 



"tt" *« »»T '* 



Note: WRITE, OE="H" or "L 



7 77k : "H" or "L" 



CAS BEFORE RAS REFRESH CYCLE 



VlH- 



C RPC 



- | foSR 

rt 



C CHR 



2 



i X WRP ^g 



C RP 



f V 



I/O 1-1/04 



V 0L— . 



Note: OE, A0^A9»"H" or "L 



llTTll _„ llT II 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



VlL — 



VlH- 
V IL— . 



A0-A9 



t RC 



^RCD 



b ASC 
t RAH 



ROW 
ADD 



X/01-^/04 



VlL" 



"IL- 



V H- 
VOL- 



^ 



COLUMN 
ADDRESS 



C RAS 



^ 



VL 



K 



tWRP 



x az 



tWRH 




E 



^OEZ . 



VALID DATA-OUT 



-*. 



m 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



RA5 



VlL- 

V IL" 



^RAD, 



ROW 
.ADD 



fl 



^CAld^ 



COLUMN 
ADDRES S . 



^CS 



V IH - 



t RP 



fc=f 



tRP 



^ r -CHR 



if 



$ 



sc 



t WCH 



r WRP 



^WP ^ 



l t WRH 



F 



L/Ol-L/04 



VlH- 
VlL- 



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 


^DS ^ t DH 




'III II 111%^ VALID DATA " IN 


Wllllllllllllllllllllllllllllllllllllllllllh 


m *DHR 





Z7\ ' "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



'IH 



VlL — 

V IH — " 
V IL — 



r CHR 



;;: - juiiiiiiiiwiiiwiim. s^ t r. 



READ CYCLE 



v ih —77 



w 



l/01~l/04 



WRITE CYCLE 



- zzm 



v 



IK 



t WRH 



^ 



I/O 1-1/04 



V IL 
V IL ' 



READ-MODIFY-WRITE CYCLE to? 



vih -77 

V IL — ZZ 



.:;j» 



I/O 1-1/04 



VI/OH 

VI/OL 



;£££. 



£ 



: CAH 



M: 



^EA 



tCLZ 



Z EBH 



"t'RCH 



^ 



-OFF 



VALID DATA-OUT 



} 



i2 



7/7 



I I 



'//////////////////////j 



//////////////// 



i 



VALID DATA-IN )■ 



^RCS 






Z AWD 



7^ 



t OEZ 



f777l • "H" or "L" 



T 



w*. , J-J t^^l 



t RWL 



3 



t DH 



VALID DATA-OUT 
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TEST MODE IN CYCLE 



VlH~~" 



V IH • 



VlH — . 



WRITE 



I/01~I/04 



VOH" 



vol ■ 



vp 



tWTH 



> 



OPEN 



WW/, 



\ 



///////// 



OE, A0^A9: "H" or "L 



g£J: "H" or n L" 
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TEST MODE 

The TC514400J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the sane way. Aoc is not used. If, upon readiig, two bits 
on one I/O pin are equal (all "]"s or "0"s) , th^ I/O pin indicates a "1". 
If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514400J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it 
were a 512K x 4 DRAM. 



"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 14 puts the 
device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 
times (1/2 in case of N test pattern) . 
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BLOCK DIAGRAM IN TEST MODE 



TC5I4400J/Z-80, TC514400J/Z-10 



.1 | — o^p- 



O- 

Test 



O- 

Teat 



O- 

'est 



-CK^Q- 



ci'-'r. 10 c: 



^E> 



? 

Normal 



=)E> 



^ 



^t33> °^< 



^ t=t=)I> 



-o 

-o- 

-cc u 



^-t^E> 



=)E> 



r^ 



■^E> C*^ 



t=^5> 



Norma.! 



AqC 



Fig. 1 



•A-261 — 



TC514400J/Z-80, TC514400J/Z-10 



Plastic SOJ 



Unit in mm 



1 7.0 2-1 7.27 



26 25 24 23 22 



18 17 16 15 M 



INDEX DOT 



t 



12 3 4 5 



i._ 



9 10 11 12 13 



0.8 MIN. 



W 



m 



._ 


u 






^ 




CM 




CD 




00 




en 




1 

00 




U3 




00 




<£> 




) 




CT) 




I 


'[ 



0.6 6-0.8 1 




0.4 1-0.5 




1.27 TYP. 



Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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Plastic ZIP 



Unit in mm 



Of 3MAX. 


3.0 MAX,. 












INDEX DOT 


X 

< 
o' 


1 

cv 
o- 

jo 

CO 


1 


f '" 




Mill 

0.5±0.1 


r. .:-: -.-;-: 





fh 


I 

/VvvVvvvV « 


_ 




1 n?c .+0.07 


_^.2 7TYP. 










1J2 7TYP. 








2.5 4 TIP. 


1 3 5 7 9 11 


13 15 17 19 








fVoV^A 


jWu%} 





4 6 8 10 12 14 15 18 20 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC514402J/Z-80, TC 5 14402 J/ MO 



DESCRIPTION 



The TC514402J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514402J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include sinlge power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL . 

FEATURES 



1,048,576 word by 4 bit organization 
Fast access time and cycle time 





TC514 402J.Z-8 0/ -1 


tRAC 


RAS Access Time 


80ns 


100ns 


C AA 


Column Address 
Access Time 


40ns 


50ns 


t CAC i CS Access Time 


20ns 


25ns 


t RC ' Cycle Time 


150ns 


180ns 


; Static Column 
tsc ! Mode Cycle Time 


45ns 


55ns 



Single power supply of 5V±10% with a 
built-in Vgg generator 



Low Power 

578mW MAX. Operating (TC514402J/Z-80) 

495mW MAX. Operating (TC514402J/Z-10) 

5.5mW MAX. Standby 
Outputs unlatched at cycle end allows 

two-dimensional chip selection 
Read-Modify-Write, CS before RAS refresh, 

RAS-only refresh, Hidden refresh and 

Static Column Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514402J 
Plastic ZIP: TC514402Z 



PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



Plastic SOJ 



>K< 



Plastic ZIP 



L O 1 C 


r- 


^ 

26 


1. 02 C 


2 


25 


WR1TEE 




24 


RASC 


4 


23 


A9C 


5 


22 


AOC 




18 


A1C 


10 


17 


A2E 


11 


16 


A3C 


12 


15 


vccq 


13 


14 



u v ss 

3d 1 4 

1 3 L 03 

>]CS 

>30E 

3.vS 
DAT 
3A6 
3A5 
3A4 









OE 


lj 


rv 


1/03 


3] 




1/02 


.5 J 


[TV 


RAS 
AO 




[10 
[14 


A 2 


Xi 
13 


A5 


"IT 1 


A7 


IS 


[2p_" 



CS 

1,04 
L 01 
WHITE 
A9 
Al 
A3 
A4 
A6 
A8 



PIN NAMES 



AO % A9 


Address Inputs 


RAS 


Row Address Strobe 


CS 


Chip Select 


WRITE 


Read/Write Input 


OE 


Output Enable 


1/01^ 1/04 


Data Input/Output 


vcc 


Power (+5V) 


v S s 


Ground 



M 



WR 



ITE0 — pO- 



No. 2 CLOCK 
GENERATOR 



AOC 
Ale 
A2C 
A3C 
A4C 
A5c 
A6c 
A7 C 
A8c 
A9C 



COLUMN 
ADDRESS 
BUFFERC 10) 



A 



REFRESH 
CONTROLLER 



REFRESH 
COUNTER (10) 



_I2/ ROW 

k ADDRESS 

10 ) BUFFER(IO) 



1/01 1/ 02 1/03 1/04 

,? f ? t, 



DATA IN 
BUFFER 



DATA OUT 
BUFFER 



TJfTf 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



10 



RASC 



No. 1 CLOCK 
GENERATOR 



c 

J 



---1024- 
x 4 



' M ' . P 



MEMORY 

ARRAY 

1024x1024x4 



SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1^7 


V 


1 


Output Voltage 


v OUT 


-1^7 


V 


1 


Power Supply Voltage 


v C c 


-l'W 


V 


1 


Operating Temperature 


T OPR 


CW0 


°C 


1 


Storage Temperature 


T STG 


-55^150 


°c 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


x OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0W0°C) 



SYMBOL 


PARAMETER | MIN . 


TYP. 


MAX. 


UNITS 


NOTES 


V C C 


Supply Voltage 


A. 5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=CW0°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CS, Address Cycling: t RC =t RC MIN.) 


TC5 144 02J 
/Z-8 


- 


105 


mA 


3,4 


TC514 40 2J 

/ Z- 1 


- 


90 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V IH ) 


- 


2 


mA 




I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current , RAS Only Mode 
(RAS Cycling, CS=V IH : t RC =t RC MIN.) 


TC5144 2J 
/Z-80 


- 


105 


mA 


3 


TC514402J 
/Z-10 


- 


90 


X CC4 


STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 

(RAS=CS=V IL , Address Cycling: tsc =t SC MIN.) 


TC514402J 

/Z-80 


- 


65 


mA 


3,4 


TC514402J 
/Z-10 


- 


55 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V CC -0.2V) 


- 


1 


mA 




X CC6 


CS BEFORE RAS REFRESH CURRENT _ 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: t RC =t RC MIN.) 


TC5144 2J 

/Z-80 


- 


105 


mA 


3 


TC51440 2J 
/Z-10 


- 


90 


T KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V 1 V IN 1 6.5V, All Other Pins not under Test=0V) 


-10 


10 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V 1 V 0UT < 5 ,5V) 


-10 


10 


pA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (I 0UT =-5mA) 


2.4 


- 


V 




V 0L 


OUTPUT LEVEL 

Output "L" Level Voltage (I uT = ^* 2inA ) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 







(v C c= 


•5V±10%, Ta=0^ 


70°C) (Notes 5, 


5, 7) 


SYMBOL 


PARAMETER 


TC514402J/Z 
-80 


TC514402J/Z 
-10 


UNIT 


NOTES 


MIN. MAX. 


MIN. 


MAX. 


C RC | Random Read or Write Cycle Time 


150 


- 


180 


- | ns 




t RMW | Read-Modi fy-Write Cycle Time 


205 


- 


245 


j ns 




t SC | Static Column Mode Cycle Time 


45 


- 


55 


I ns 




t SRMI^ 


Static Column Mode Read-Modify-Write 
Cycle Time 


110 


- 


135 


- 


ns 




n RAC 


Access Time from RAS 


- 


80 


- 


100 


ns 


8,13 


C CAC 


Access Time from CS" 


- 


20 


- 


25 


ns 


8,13 


C AA 


Access Time from Column Address 


- 


40 


- 


50 


ns 


8,14 


t.ALU 


Access Time from Last Write 


- 


75 


- 


95 


ns 


8,15 


C CLZ 


CAS to Output in Low-Z 





- 





- 


ns 


8 


tOFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


9 


t AOH 


Output Data Hold Time from Column 

Address 


5 


- 


5 


- 


ns 




t OV 


Output Data Enable Time from WRITE 


- 


20 


- 


30 


ns 




t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




t RASC 


RAS Pulse Width (Static Column Mode) 


80 


200,000 


100 


200,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


25! - 


ns 




t CSH 


CS Hold Time 


80 


- 


100 


- 


ns 




t CS 


CS Pulse Width 


20 


10,000 


25 


10,000 


ns 




t CSC 


CS Pulse Width (Static Column Mode) 


20 


200,000 


25 


200,000 


ns 




C RCD 


RAS to CS Delay Time 


20 


60 


25 


75 


ns 


13 


C RAD 


RAS to Column Address Delay Time 


15 


40 


20 


50 


ns 




tCRP CS to RAS Precharge Time 


5 


- 


10 


- 


ns 




t CV 


CS Precharge Time 


10 


- 


10 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 


ns 




t RAH 


Row Address Hold Time 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


20 


- 


ns 




t AWR 


Write Address Hold Time referenced to 

RAS 


60 


- 


75 


- 


ns 




t AR 


Column Address Hold Time referenced to 

RAS 


95 


- 


115 


- 


ns 




r RAL 


Column Address to RAS Lead Time 


40 


- 


50 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 




SYMBOL 


PARAMETER 


TC514402J/Z 
-80 


TC514402J/Z 
-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t AH 


Column Address Hold Time referenced to 
RAS Rise 


5 


- 


10 


- 


ns 


16 


C LWAD 


Last Write to Column Address Delay Time 


20 


35 


25 


45 


ns 


15 


C AHLW 


Last Write to Column Address Hold Time 


75 


- 


95 


- 


ns 




t RCS |Read Command Set-Up Time 





- 





- 


ns 




t RCH Read Command Hold Time 





- 





- 


ns 


10 


t KRE 


Read Command Hold Time referenced to RAS 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


20 


- 


ns 




t WCR 


Write Commadn Hold Time referenced to 

raeT 


60 


- 


75 


- 


ns 




t WP 


Write Command Pulse Width 


15 


- 


20 


- 


ns 




*m 


WHITE Inactive Time 


10 


- 


10 


- 


ns 




fc RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


ns 




t an 


Write Command to CS" Lead Time 


20 


- 


25 


- 


ns 




tDS 


Data Set-Up Time 





- 





- 


ns 


11 


tDH 


Data Hold Time 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




tREF 


Refresh Period 


- 


16 


- 


16 


ms 




C WCS 


Write Command Set-Up Time 





- 





- 


ns 


12 


t Qv r D 


CS to WRITE Delay Time 


50 


- 


65 


- 


ns 


12 


t RWD 


RAS to WRITE Delay Time 


110 


- 


135 


- 


ns 


12 


t AIv r D 


Column Address to WRITE Delay Time 


70 


- 


85 


- 


ns 


12 


t CSR 


CS Set-Up Time (CS before RAS Cycle) 


10 


- 


10 


- 


ns 




t CKR 


CAS Hold Time (CS before RAS Cycle) 


30 


- 


30 


- 


ns 




t RPC 


MS to CS Precharge Time 





- 





- 


ns 




t CPT 


CS Precharge Time 

(CS before RAS Counter Test Cycle) 


40 


- 


50 


- 


ns 




tROH 


RAS Hold Time referenced to OE 


10 


- 


20 


- 


ns 




tOEA 


OE Access Time 


- 


20 


- 


25 


ns 




t OED 


OE to Data Delay 


20 


- 


25 


- 


ns 




tOEZ 


Output Buffer Turn Off Delay Time from OE 





20 





20 


ns 


9 


t OEH 


OE Command Hold Time 


20 


- 


25 


- 


ns 




t WTS 


Write Command Set-Up Time (Test Mode In) 


10 


- 


10 


- 


ns 




t WTH 


Write Command Hold Time (Test Mode In) 


10 


- 


10 


- 


ns 




t WRP 


WRITE to RAS Precharge Time 
(CS before RAS Cycle) 


10 


- 


10 


- 


ns 




t WRH 


WRITE to RAS Hold Time 
(CS before RAS Cycle) 


10 


- 


10 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC514402J/Z 
-80 


TC514402J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Random Read or Write Cycle Time 


155 


- 


185 


- 


ns 




t RMW 


Read-Modify-Write Cycle Time 


210 


- 


250 


- 


ns 




t sc 


Static Column Mode Cycle Time 


50 


- 


60 


- 


ns 




tSRMW 


Static Column Mode Read-Modiry-Write 
Cycle Time 


115 


- 


140 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


105 


ns 


8,13 


tCAC 


Access Time from CS 


- 


25 


- 


30 


ns 


8,13 


C AA 


Access Time from Column Address 


- 


45 


- 


55 


ns 


8,14 


C ALW 


Access Time from Last Write 


- 


80 


- 


100 


ns 


8,15 


tow 




- 


25 


- 


35 


ns 




Output Data Enable Time from WRITE 


tRAS 


RAS Pulse Width 


8 


10,000 


10 


10,000 


ns 




tRASC 


RAS Pulse Width (Static Column Mode) 


8 


200,000 


10 


200,000 


ns 




tRSH 


RAS Hold Time 


25 


- 


30 


- 


ns 




tCSH 


CS Hold Time 


85 


- 


105 


- 


ns 




t CS 


CS Pulse Width 


25 


10,000 


30 


10,000 


ns 




tcsc 


CS Pulse Width (Static Column Mode) 


25 


200,000 


30 


200,000 


ns 




tRAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




tcWD 




55 


i 


- 


ns 


12 


CS to WRITE Delay Time 


- 


70 


tRWD 




115 


- 


140 


- 


ns 


12 


RAS to WRITE Delay Time 


tAWD 




75 


- 


90 


- 


ns 


12 


Column Address to WRITE Delay Time 


l OIA 


OE Access Time 


- 


25 


- 


30 


ns 




t OED 


0E~ to Data Delay 


25 


- 


30 


- 


ns 




tQEH 


OE Command Hold Time 


25 


- 


30 


- 


ns 
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CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0%70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cn 


Input Capacitance (A0%A9) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CS , WRITE, OE) 


- 


7 


c 


Input Output Capacitance (1/01^1/04) 


- 


7 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs» 

3 - I CC1» Z CC3» I CC4» I CC6 depend on cycle rate. 

4. IcCl' ^CC4 depend on output loading. Specificied values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tj=5ns. 

7. Vjjj(min.) and VjL(max.) are reference levels for measuring timing of input sig- 
nals. Also, transition times are measured between V-j-g and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) and tQg^max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t R Q^ or t R t^ must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

12. twcS» t RWD> t CW T D an d tAWD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t^rjsi^WCS^m^ 11, ) , 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If t RWI £t RWD (min. ) , trjwD^CWD^ 111 - ) and 
t^7D^t^^D(min. ) , the cycle is a Read-Modify-Write cycle and the data out will con- 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the t R rji)(max.) limit insures that t R AC( max *) can ^e me t. 
t R Qj)(max.) is specified as a reference point only: If tRCD i- s greater than the 
specified t R c£)(max.) limit, then access time is controlled by t^rj. 

14. Operation within the t Ri ^ ) (max.) limit insures that t^rj(max.) can be met. 
tj^y-)(max.) is specified as a reference point only: If tj^j) is greater than the 
specified tj^j)(max.) limit, then access time is controlled by t^. 

15. Operation within the t Tj y i ^(max.) limit insures that t i y j y(max.) can be met. 



C LWAD 



(max.) is specified as a reference point only: If t 



LWAD 



is greater than the 



16. 



specified tT J wAI)( max « ) limit, then access time is controlled exclusively by t^A. 
t^H is the condition to latch column address when RAS has rised up. 
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READ CYCLE 



cs 



A0-A9 



IH 



V IH 



CRP 



tRSH 



:;; -mpsad 



vt 



l cs 



\ 



COLUMN ADDRESS 



m 



'IH —77 



Hi 



'IH-77 



D ROH 



1/0 1-1/0 4 



VOH 

Vol 



OPEN 



7\ l OEA 



^m 



ll 



I l RCH 



■^ 



£OFFj 
tQEZ J 



VALID DATA-OUT 



J 



F/V/l : "H" or "L" 



WRITE CYCLE (EARLY WRITE) 



A0-A9 



IH 



IH 



*IL 



v 



L RAS 



-777 



w: 



Tfc=± 



l RAH l-ASC 



f 



R(*V 
ADDRESS 



VlH — 
VlL — 



COLUMN 1/7 

ADDRESS 



iiiiiliiiliiiiilh - 



yiiiiiiiiiiiiiiiiiiiiiiiiiMiri 



l WCH 



t V vp 



J A 



OE 



ZZML 



'iiiiiillillliilillllilliiilll, 



I/O 1-1/04 



l DS t DH 



l±™ 



VALID DATA-IN 



OPEN 



m 



"H" or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 

r ~ 

Vih — =\, 

ras :\"* 



f 



tcSH 



v IH _ 
V 



-CRP I : t RCD 



__7 

IL 1 



t ASRi !t RAH 



|*CAH 



A0-A9 



writp: 



■IH —// 



/// V ADD R ES s JY / / / / / lh ■- ADD R£ S S J X// 



\ 



^ 



'EH 

'IL 



l CWL 



WlllilMliiililllillJIJlbr^-flJl, 



A 



'////////////////////////, 



VlH — 



'IL — . 



M^>V^/# 



I/O 1-1X04 



V IH — ' 
Vri, — - 



3 — (srsn ^ 



*Ds| 



"H M or "L" 



READ-MODIFY-WRITE CYCLE 



tRMW 



MS 



A0-A9 



WRITE 



V IH 

v lL 

VlH 
VlL 



v IH — 

V IL — 



V IH 
VlL 



Ti 



fc RP J 



l RCD I 



t ASR l RAH 



L RAD 



ROW 
ADD RES.' 



l RSH 



COLUMN ADDRESS 




tCWD 



t AWT> 



\ -* s -Hi//liiiiniiifi 



ir-w 



I/O l- I/O A 



v I/OH — _ 
Vj/OL — 



l RAC 



l CAC 



D CLZ 



VALID 
DATA-OUT 




l CWL 



C RWL 



tffl 



VALID 
DATA- IN 



"ML 



"H" or "L" 
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STATIC COLUMN MODE READ CYCLE 



V IL 



D ASR 



A0-A9 



V IH ™ J7\ + 



[ RASC 



' IL 



77\j l ROW X// // /Xf COLUMN "V COLUMN \}~ 

[JjS _ ADDRESS j j yy ///j ADDRESS J\ ADDRESS / ^ 



V 1H — * 

VlL — 



^RCS 



t 



WTt I TE 



' in — 7777 



v 1L — V/ III 1 1 III II I I 



¥ 



OE 



*IH —J, 



I, Ol-L 04 



V 0H 



a. 



;cac_ 



L CLZ 



l csc 



7 



tRCH i 



1 



COLUMN 
ADDRESS 



W 



^CSC __,.r 



V / 



7k 



\~jii 



WOr 



N 



/ 



l CLZ 



VALID DATA VALID DATA 



VALID DATA/ 



"H" or "L 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



U-^~j 



RAS 



A0-A9 



t 



D ASRi 



V IH —7 



|iM3 



l CAH 



cs 



ML 



IL 



l A\VR 



t RAD I 1 ASC 



l RCD 



twcs 



^ 



CAH. 



1H ~777V" ROW V777\^COLUMN J ^/777>TCOLUMN J s/777\/^OLUMN X/7 
//// uDDRESSJ i Y///Aa ddle ^^ 



l CP 



'ASC 



l RAL 



f 



l SC 



%CH l W 



t W p 





*wcs 



tWCH 1W 




/ 



D CWL 



l wcs j 



Z - Jlllllllilllllllllll. 



™™\TJMMHL 




VALID 
DATA 



l DH 



VALID 
DATA 



VAL 
DATA 



"m 



A: "H" or "L" 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



V IH 
V IL 



l ASR , 



U tRP J 



A0-A9 



ROW- 
ADDRESS 



C AWR 



^ tRAD J - 



COLUMN 
ADDRESS 



WRITE 



'IH 



MH 
ML 



'IH 



tRCD 



l WCS 



€AH| 



'ASC 



SjZ 



COLUMN 
ADD RES S 



T COLUMN V77 
\ r ADDRESS J X/ , 



i&mzzhw 



L WCH 



twp 



twi 



■"V 



L SC 



twcs 



twi 



iwp 



*RWL 



fi r 



Vtt, ~- 



I/O 1-1X04 



M 



tpH. 



______ 

// ^ DATA 



?i 



WX^Mf^yH 
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STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 



cs 



ViH — " 

t 
V'lH — 



If 



/ 



ROW 
ADDRESS 



'IL 



M 



D 01-1/04 



'I/'OH 

V I/OL — 



COLl'MN ADDRESS 



t CMI 
1 S R M\V 




COLUMN ADDRESS 



~m 



tRCD I I tcWD 



tAWD 



2l 



^OEA 
l CAC 



^, 



tOED 



\ 



lOf^JM 



/■ 



V 



^OED, 

tOEZ 



HQS 



' CLZ . j. VALID 

DATA-OUT 



VALID VALID 

DATA-OUT DATA-IN 



. »i w it ,_„ i 



H" or "L" 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



WRITE 



L 01-1/04 




V 1/ OH — 
v L/OL — 



: "H" or "L" 
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RAS ONLY REFRESH CYCLE 



V 1H 
VlL 



. 


t 

! 
l 


1 RAS 


zzdfi 


1 I 


; 


r \ 


^CRP 


1 RPC 


/ 


jtRAH, 




\J 


l ASR 

1 1 







A0-A9 



3 p^g»»iii 



Note: WRITE, OE="H M or "L H 



: "H M or "L" 



CS BEFORE RAS REFRESH CYCLE 







l RC | 




, l rp I 




RAS 


N '"~ /t ■ v 




r "~ tr SR . VhR 




v"!s 


..;:_ /Y ■■' 


— j////////////////////////m 




• twpp t XVRH 




VMIITE 


:"j«'/ v//x/>/ 


•■r.-'-m\W' / /////////////'.'i l 




■ I L ■ 






^OH \ 






/ 

\ m — / 






Note: OE, AO ^ A9="H" or "L H 


//// : "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



viH 



V IL 



t CRP 



tRAS 



l AR 



tftCD I l RSH 



^AD I | t RAL 



cs 



A0-A9 



vm — - 



7 rv 



vih -77 



'iH —77 



'IL ' 



I/O 1-1/04 



vol 



ROW 
ADD 



COLUMN ADDRESS 



V 



l CHR 



m 



w 



D ROH 



l OFF 



tOEZ 



VALID DATA-OUT 



Wl 



IL 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



A0~A9 



v 1H — - 
VlL — 



'IH 




l ASR 



<1L 



vm -77 
viL— a 



1, 01-1, 4 



V IH — ' 
VlL — - 

V IH 
Vtt, — 



UWR 



l RCD 



l ASC 



1 RAH 



ROW 
ADD 



COLUMN 
ADDRESS 



fc RP 



l CHR 



t\vcs 



^RWL 



Hvch 



*WP 



'llllllllllllllllllllllllllll, 



'DS | 



-d VALID DATA-IN \ 



l CRP 



111 



mm 



"H" or "L" 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



V IH — " 

V 1H — " 
Vil — 



A0-A9 



READ CYCLE 



'iH —77 



l RAS 



■ ^ t CPT t . | 
t CHR I J 

— if * 



V777 



'IL 



at 



t\VRP 



'IH 7/ 



'IL 



'IH 



'If 



tRSH 



l RP 



i£ 



D RAL 



COLUMN ADDRESS 



'ML 



M 



- mum/ 



I/O 1-1/04 



V 0H 



WRITE CYCLE 



WRITE 



'IH — 77 



I/O 1-1/04 



V 1L 



'IL 



'IL 



^ 



OPEN 



tWRH 



m: 



k)EA 



tCLZ 



tROH 



_[ t RRH [ 

jtRCIl! 



MMMML 



Wl 



OEZ 



VALID DATA-OUT 



> 



W////////XP- 



tCWL 



HL 



I I 



wiiwiiiiiwiiahhwiiiiiiiiiiiiiiiiiiiiiiiii/mm, 



READ-MODIFY-WRITE CYCLE 
V 



tWRP 



WRITE 



tWRH 



•DS| 



t— 



f 



VALID DATA-IN 



TJim wmw 



y-^ 



OE 



1/01-1/04 



VlH- 
VlL- 

VI/OH . 
VI/OL 



t CLZ "" "" 



tQED 



t OEZ 



22 : " H " 



/ 



t DS 



twp 



W//////////////, 



l DH 



*i/~J~ VALID \ 



or "L" 



VALID DATA-OUT 
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TEST MODE IN CYCLE 



/ IH — 



'IL ' 



•CPN i 



' IH — 



^CSR 



'IL 



l RP 



l CHR 



v 1L ~i±L±L!±L 



wrs 



t WTH 



////mm/M/m/////////////, 



itOFF 



I/OIM, 04 



V 0L— . 



> 



OPEN 



Note: OE, AO ^ A9 : "H ,f or "L" 



: "H" or "L" 
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TEST MODE 

The TC514402J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. AOC is not used. If, upon reading, two 

bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1", 

If they were not equal, the I/O pin would indicated a "0". Fig. 1 shows the block 
diagram of TC514402J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it were 
a 512Kx 4 DRAM. 



"WRITE, CS~ Before RAS Cycle (Test Mode in Cycle)" shown in Page 16 puts the 
device into "Test Mode". And "CS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 
.times (1/2 in case of N test pattern) . 
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BLOCK DIAGRAM IN TEST MODE 



No rraal 



10 1 



Test 



Norma 1 



-*0C 



-v>c 



A(3C 



aqc 



Aqc 



104 



:-, 






5 1 2 K block 



31 2 K bl ock 



51 2 K block 



5 l 2 K block 



512K block 



512K block 



512K bl ock 



5 12K b lock 



A 0C 
-o. 



;=)E> 



Normal 



3E> 



Normal L 



A 0C 



=M> <£r< 



■O 1 N o rma 1 



3E> 



102 



r~ ^E>- 



A 0C 



Normal I 



N'ormal 



30- 



>nr 



r^E>- 



Normal I 
■A)C 



-O " 1 Norma 1 j 



^hc 



P D — X 



X 



rmal I 



A 0C 



Fig. 1 
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Plastic SOJ 



Unit in mm 



1 7.0 2-1 7.2 7 



26 25 24 23 22 



INDEX DOT 



1_J L-J i — i i 



12 3 4 5 



18 17 16 15 14 



9 10 11 12 13 



0.8 MIN. 



TF 



4b> 



0.6 6-0.8 1 




Note*. Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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Plastic ZIP 



Unit in mm 



2 6. 3 MAX. 



/ 



INDEX DOT 



V V 



V V V V V V V 



vvvvvvvv 

1.2 7TYP. 



1 3 5 7 9 11 13 15 17 19 



r A 



¥ 95+0.0 7 
1 U '" D -0.05 



2 4 6 8 10 12 14 16 18 20 

Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC514410J/Z-80, TC514410J/Z-10 



DESCRIPTION 

The TC514410J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514410J/Z to be pack- 
aged in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size 
provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup- 
ply of 5V±10% tolerance, direct: interfacing capability with high performance logic 
families such as Schottky TTL . 



FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 





TC5 14410J/Z-80/-10 


tRAC 


RAS Access Time 


80ns 


100ns 


tAA 


Column Address 
Access Time 


40ns 


50ns 


tCAC 


CAS Access Time 


20ns 


25ns 


tRC 


Cycle Time 


150ns 


180ns 


t PC 


Fast Page Mode 
Cycle Time 


50ns 


60ns 



• Single power supply of 5V±10% with a 
built-in Vgg generator 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 



Low Power 
578mW MAX. Operating (TC514410J/Z-80) 
495mW MAX. Operating (TC514410J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip selection 

Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 

All inputs and outputs TTL compatible 

1024 refresh cycles/16ms 

Package Plastic SOJ: TC514410J 
Plastic ZIP: TC514410Z 



BLOCK DIAGRAM 



wvioi or 

\\z :o2 

WEv WRITE d3 

RASQ4 

A9 ri5 

AG [9 
A 1 [ 10 
A3 [11 
A3 C -2 
V CC4 13 



26 



25]\V4/L04 W3/I03 



'ss 



OE 



24 ]W3/103 
23] CAS 
22 30E 

18]A8 
17JA7 
16]A6 
15]A5 
14]A4 



v S s 

W2/102 
RAS 

A0 
A2 

V CC 
A 5 

A7 



1 




A. J 


r~~ 






A J 


r~ 4 " 


s": 






— i 


L A 


_'__) 


«"~" 


>J 




[fo- 


_ J Jj 








-13J 


TiT 


15j 


fiT 


1l1 


JVrf 







CAS 

W4/T04 

Wl/IOl 

wb/wrI 

A9 
Al 
A3 
A4 
A6 
A8 



V CC V SS 

1 I 



W2/I02 W 4/104 
Wl/IOl W3/I03 

MM, 



DATA IN 
BUFFER 



WB/WRITEO -cj \ 



No. 2 CLOCK 
GENERATOR 



PIN NAMES 



A0^ A9 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 




Write Per Bit/Read/ 
Write Input 


WB/WRITE 


m 


Output Enable 


Wl/IOl % 
W4/I04 


Write Selection/ 
Data Input/Output 


vcc 


Power (+5V) 


vss 


Ground 



A0 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



COLUMN 
ADDRESS s 
BUFFER (10) 



REFRESH 
CONTROLLER 



DATA OUT 
BUFFER 



^7> 



To^ 



i 



-10 



REFRESH 
COUNTER (10) 



ROW 
K ADDRESS N 
J \ BUFFER(IO) 



COLUMN 
DECODER 



SENSE AMP 
I/O GATE 



10 



RAS ( 



No. 1 CLOCK 
GENERATOR 



oo 

03 O 



..1024... 
x 4 



si 



MEMORY 

ARRAY 

1024X1 024X4 



SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-l'W 


V 


1 


Output Voltage 


VoUT 


-1%7 


V 


1 


Power Supply Voltage 


v C c 


-IV 


V 


1 


Operating Temperature 


T OPR 


OoJO 


°C 


1 


Storage Temperature 


TSTG 


-55%150 


°C 


1 


Soldering Temperature'Time 


TSOLDER 


260-10 


°C-sec 


1 


Power Dissipation 


PD 


600 


mW 


1 


Short Circuit Output Current 


Iqut 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0%70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


VCC 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


V IH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC =t RC MIN.) 


TC514410J/Z-80 


- 


105 


mA 


3,4 


TC514410J/Z-10 


- 


90 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


2 


mA 




X CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t-* c -t RC MIN.) 


TC514410J/Z-80 


- 


105 


mA 


3 


TC514410J/Z-10 


- 


90 


I CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, bast P ■ b e Mode 

(RAS=V IL , CAS", Address Cycling; t pc =c pc MIN.) 


TC514410J/Z-80 


- 


70 


mA 


3,4 


TC514410J/Z-10 


- 


60 


X CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=C~S-V CC -0.2V) 


- 




aA 




X CC6 


CAS BEFORE RAS REFRESH CURRENT 
Average Power Supply Current, CAS Before 
RAS Mode (RAS, CAS Cycling: t R c=t RC MIN.) 


TC514410J/Z-80 


- 


105 


mA 


3 


TC514410J/Z-10 


- 


90 


T KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(° v i v IN56- 5v > All Other Pins Not Under Test=0V) 


-10 


10 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V<V OUT <5 - 5v 


-10 


10 


PA 




V OH 


OUTPUT LEVEL 

Output "H" Level Voltage (L 0U T=-5mA) 


2.4 


- 


V 




V OL 


OUTPUT LEVEL 

Output "L" Level Voltage (lQ^-^,2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 





( 


V CC =5V±10%, Ta=0^7C 


°C) (Notes 5, 


6, 7) 


SYMBOL 


PARAMETER 


TC51441QJ/Z 
-80 


TC514410J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


150 


- 


180 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


205 


- 


245 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


50 


- 


60 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


100 


- 


115 


- 


ns 




tRAC 


Access Time from RAS 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CAS 


- 


20 


- 


25 


ns 


8,13 


C AA 


Access Time from Column Address 


- 


40 


- 


50 


ns 


8,14 


C CPA 


Access Time from CAS Precharge 


- 


45 


- 


55 


ns 


8 


tCLZ 


CAS to Output in Low-Z 





- 





- 


ns 


8 


t OFF 


Output Buffer Turn-off Delay 





20 





20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


80 


10,000 


100 


10,000 


ns 




t RASP 


RAS Pulse Width (Fast Page Mode) 


80 


200,000 


100 


200,000 


ns 




tRSH 


RAS Hold Time 


20 


- 


25 


- 


ns | 


tCSH 


CAS Hold Time 


80 


- 


100 


- 


1 
ns i 


tCAS 


CAS Pulse Width 


20 


10,000 


25 


10,000 


ns t 


t RCD 


RAS to CAS Delay Time 


20 


60 


25 


75 ns ! 13 


t RAD 


RAS to Column Address Delay Time 


15 


40 


20 


50 


ns 1 14 


t CRP 


CAS to RAS Precharge Time 


5 


- 


10 


- 


ns 




t CP 


CAS Precharge Time 


10 


- 


10 


- 


ns 




t ASR 


Row Address Set-Up Time 





- 





- 


ns 




t RAH 


Row Address Hold Time 


10 


- 


15 


- 


ns 




fc ASC 


Column Address Set-Up Time 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


20 


- 


ns 




t AR 


Column Address Hold Time referenced to 

RAS 


60 


- 


75 


- 


ns 




C RAL 


Column Address to RAS Lead Time 


40 


- 


50 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 


ns 




t RCH 


Read Command Hold Time 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time referenced to RAS 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


20 


- 


ns 




t WCR 


Write Command Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




t WP 


Write Command Pulse Width 


15 


- 


20 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


TC514410J/Z 
-80 


TC514410J/Z 
-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t RWL 


Write Command to RAS Lead Time 


20 


- 


25 


- 


ns 




tCWL 


Write Command to CAS Lead Time 


20 


- 


25 


- 


ns 




tDS 


Data Set -Up Time 





- 





- 


ns 


11 


C DH 


Data Hold Time 


15 


~ 


20 


_ 


ns 


11 


tDHR 


Data Hold Time referenced to RAS 


60 


- 


75 


- 


ns 




C REF 


Refresh Period 


- 


16 


- 


16 


ms 




twcs 


Write Command Set -Up Time 





- 





- 


ns 


12 


tCWD 


CAS to WRITE Delay Time 


50 


- 


60 


- 


ns 


12 


C RWD 




110 


- 


135 


- 


ns 


12 


RAS to WRITE Delay Time 


t AWD 




70 


_ 


85 


- 


ns 


12 


Column Address to WRITE Delay Time 


tCSR 


CAS Set-Up Time (CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before RAS Cycle) 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Pre charge Time 





- 





- 


ns 




tCPT 


CAS Pre charge Time 

(CAS before RAS Counter Test Cycle) 


40 


- 


50 


- 


ns 




tROH 


RAS Hold Time referenced to OE 


10 


- 


20 


- 


ns 




tOEA 


OE Access Time 


- 


20 


- 


25 


ns 




tOED 


OE to Data Delay 


20 


- 


25 


- 


ns 




tOEZ 


Output Buffer Turn Off Delay Time from OE 





20 





20 


ns 




c OEH 


OE Command Hold Time 


20 


- 


25 


- 


ns 




C WBS 


Write Per Bit Set-Up Time 





- 





- 


ns 




tWBH 


Write Per Bit Hold Time 


10 


- 


10 


- 


ns 




C WDS 


Write Per Bit Selection Set-Up Time 





- 





- 


ns 




tWDH 


Write Per Bit Selection Hold Time 


10 


- 


10 


- 


ns 




tWTS 


Write Command Set-Up Time (Test Mode In) 


10 


- 


10 


- 


ns 




tWTH 


Write Command Hold Time (Test Mode In) 


10 


■- 


10 


- 


ns 




C WRP 


WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 




C WRH 


WRITE to RAS Hold Time 
(CAS before RAS Cycle) 


10 


- 


10 


- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10%, Ta==0^70°C) (Notes 5, 6, 7) 



SYMBOL 


PARAMETER 


TC514410J/Z 
-80 


TC514410J/Z 
-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


155 


- 


185 


- 


ns 




tRMW 


Read-Modify-Write Cycle Time 


210 


- 


250 


- 


ns 




t PC 


Fast Page Mode Cycle Time 


55 


- 


65 


- 


ns 




tpRMW 


Fast Page Mode Read-Modify-Write Cycle 
Time 


105 


- 


120 


- 


ns 




tRAC 


Access Time from RAS 


- 


85 


- 


105 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


25 


- 


30 


ns 


8,13 


C AA 


Access Time from Column Address 


- 


45 


- 


55 


ns 


8,14 


tCPA 


Access Time from CAS Precharge 


- 


50 


- 


60 


ns 


8 


tRAS 


RAS Pulse Width 


85 


10,000 


105 


10,000 


ns 




tRASP 


RAS Pulse Width (Fast Page Mode) 


85 


200,000 


105 


200,000 


ns 




^SH 


RAS Hold Time 


25 


- 


30 


- 


ns 




t CSH 


CAS Hold Time 


85 


- 


105 


- 


ns 




t CAS 


CAS Pulse Width 


25 


10,000 


30 


10,000 


ns 




C RAL 


Column Address to RAS Lead Time 


45 


- 


55 


- 


ns 




t CITO 




55 


- 


65 


- 


ns 


12 


CAS to WRITE Delay Time 


tRWD 




115 


- 


140 


- 


ns 


12 


RAS to WRITE Delay Time 


z A\m 




75 


- 


90 


- 


ns 


12 


Column Address to WRITE Delay Time 


t OEA 


OE Access Time 


- 


25 


- 


30 


ns 




t OED 


OE to Data Delay 


25 


- 


30 


- 


ns 




t OEH 


OE Command Hold Time 


25 


- 


30 


- 


ns 





CAPACITANCE 



(V CC =5V±10%, f=lMHz, Ta=0W0°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A9) 


- 


5 


pF 


Cl2 


Input Capacitance (RAS, CAS, WB/WRITE, OE) 


- 


7 


pF 


c 


Input/Output Capacitance (Wl/IOl ^ W4/I04) 


- 


7 


pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. ICC1> ICC3» I CC4, ICC6 depend on cycle rate. 

4. IqcI ' ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200 us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t<p=5 ns. 

7. Vjy (min.) and Vjl (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between V-^ and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and 100 pF. 

9. tQFF (max.) and toEZ (max.) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage levels. 

10. Either t^Q^ or tj^jj must be satisfied for a read, cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to (WB/) WRITE leading edge in read-modify-write cycles. 

12. twCS> tRWD» C CWD anc * ^AWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristic only. If twCS—^WCS 
(min.) the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRWD^tRWD (min.), 
tCWDritCWD (min.) and tAWD^AWD (min.), the cycle is a read-modify-write cycle 
and data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
t RCD (max.) is specified as a reference point only: If tRCD is greater than 
the specified tRd) (max.) limit, then access time is controlled by t^AC* 

14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If t^j) is greater than 
the specified tj^p (max.) limit, then access time is controlled by t^. 
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READ CYCLE 



RAi 



CAS 



WB WRITE 



OE 



Wl/lOl-W'VlO 




Im asr 



4 Vqh — 



Note: D IN =OPEN 
WRITE CYCLE (EARLY WRITE) 



f/Z\ : "H" or "L" 



RA S 



nn ■ 



'IH 



tASR 



tRC 



./ 



t CSH 



tRCD 



tRAH 



z~m 



± 



l RSH 



tCAS 



l CAH 



tRAL 



tCRP 



:rz7 



. tRAi> .n ^r j 



l WBS 



WB/ WRITE 



' IH — 7/ 



t WDH 



2<I~^; 



%cs 



twp 



m 



7////////////////////M 



*RWL 



;;; z w//////////////////////////////////////m 



JWDS, 



*DHR 



Uvffl t 



ps 



l DH 



JJJX : "H" or "L" 



Note: Dout =open 
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WRITE CYCLE (OE CONTROLLED WRITE) 



CRP 



MH 



l CSH 



A0-A9 



■: ih —7777777 



UVBS, 



WB, 'WRITE x ; 



^ 



C CAH 



/%[ row ^yT/Vr COLUM 
/ Aadd res s . A: / A- a ddr e s 



7m% ) fmi7m^^//////////////^^^ 



m ~-77777, 



Vi 



'//////// 



tWDH 



'OED 



Note: D UT =0PEN 
READ-MODIFY-WRITE CYCLE 



^ 



U CRP 



^77777777, 



Ulli 



WLMMMMl 



l RWL 



"^ 



^2 



2/222 



tDH 



VALID DATA-IN 



: "H" or "L" 



RAS 



A0-A9 



WB/WRITE 



VlH— " 
VlL — 



V IH — 
VlL— , 

v IH — 

VlL — 



'IL — 



D RMW 



iRA_S_ 



D AR 



tCRPI 



TO- 



tRSH 



*RP 



^RAH tASC |t CAH J 



iZ7 



ROW 
DP RES $ 



Hvbs 




> l RAD . 



t_WBH 



y&. 



COLUMN 
ADDRESS 



W//7///////M 



l AWD 



te^T 



RWD 



'IH — 77 



t WDS, 



W1/I01-W4/I04 



•lllllllllllli/ll^ 

t\VDH — CAC ■», 



MASK 
DATA-IN 



B" 



V OH— 

v L — " 



-OPEN- 



tCLZ 



«» 0C*1*5 



/ 



t O ED 
l OEZ t DS 



* H?////////////////t 



tDS _ tpH ^ i 



P777| : "H" or "L" 
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FAST PABE MODE READ CYCLE 



RAS 



'1H 



^ 



l RASP 



C RP_ 



iiVR... 



jr\ 



! L- LLpc ^j t RSH 

, CRP j/rcd ,,, j *cp. h j 

v ih — J * IT — t\! 1 cas! _^ i- i , „ tp AS jp — «—tL t CAS , ; 

v IL -ij^^^^^ ft tt^^^-y 

tASR ,,.l j t AS c| ^IjCAH^ j l AS£l [^CAH [ t^scj [JO AH.. , | 



A0-A9 



L CRP 



7/^ ROW VvV" COLUMN V / ///'//S^" COLUMN V//7// '''V" COLUMN V / / / 7" ' "V 
/// ^ADD A // A ADDRESS jA'/////^ ADDRESS ^V /////A ADDRESS fiV./A /./ //A 



WB WRITE l m —/////// /'/t 

Ml — //////( ' // 



1 rch! 



— 1 



C RCS 



IT 



— ^ 



ILJ 






fc AA 



(- 



WL J01-W4, 104 



V 0H 
V 0L 



: 0EZ 



\_ im i CAC m 






1 rrh |J 



702: 



ROH , 



tQEA jrjjjjjjj 



tQFF 



k)EZ 



: CLZ 



^/^ J^TA-OUT, ) y/ ^J3AXV-0lTX "^ ^ // A DATA-OUT^ 



Wf ■'■'//// I«; 



t OEZ 



tOFF 



Note: D IN = M 1I M or "L" 
FAST PAGE MODE WRITE CYCLE 



7/1 : ,r H" or "L" 



tRASP 



VlH 

V 



1H — * I 

IL— it 



tAR 






,CRP! I t RCD I 



tpp_ 



'IL 



zj ^^—i yt=r*~\=^ 



AG- A 9 



WB /WRITE 



^CRP, 



_ , * RAH j j ; I 1^ , l l RAL J 

*ASR | | I t ASC , | l |_tc.VH ! j ^SCJ |^C.\H | j t AS£j |t CA H , I j 

Y P , _7/ Aadd^ /) (aS N s X 7 //'?/^ address M//// x / %^ address fi////////. A 
I [jRad I J Ucwl ,1 j tcwL Hvcsji tcwL J 



W1/I01-W4/IC 




04 y IL /// PATA-IEj K/ V DATA-IN W//7/^. DATA- 1] 



Note: Dm tt* OP EN 



tr Tjtt _„ ttj rt 
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FAST PAGE MODE READ-MOD IFY-WRITE CYCLE 



'IL 



A0-A9 



1 RASP 



'J 



^CSH 



tRAH 



1 P RiMW 



l CAS 



y" 



l ASC 



i: zm^^WMZZMMMMM 



WB/WRITE 



? VlH ~ T 

VlL— / 



v IH 



t RWD 



t CWD -j 



tAA ■ twp 
tQEA 



l CAC 



a 



tQ ED 



W1/I01-W 4/104 



v OH — 

vol — " 



■BO 



OUT 



;;; _)p|p— — $3— 4l? 



1 'MS 



l CWD 



l AWD 



tpAP ! 



tQEZ M 



tCLZ 



^k 



twp 

tQEA 



tQEZ 



OUT 



jnt=zi7" 



'RAL 



CAH 



JCPA 



tCLZ 



L RP 



t CWD -f- 






jCAg" 



fc AA 



tQEA 



OUT 



h OS® 



tRWL 



t WP 



tQEZ 



'DS 



23 : " h " ° r " l " 
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RAS ONLY REFRESH CYLCE 



RAS 



'm 



'IL 



tCRP 



VlH ~ " 



7 



t RC 



t 



tRAS 



l RP 



^RPC . 



USR 



A0-A9 



VlH 
VlL 




U 



'RAH 



ROW 
ADDRESS 



'llilllllllllllliliilllllllllllllWK 



Note: WB/WRITE, OE="H" or "L" 



TfU\ : "H" or H L" 



CAS BEFORE RAS REFRESH CYCLE 



tRP 



V IH™ 

VlL— - 

VlH — 



t RPC 



CAS 



WRITE 



V IL- 



rx 



tCHR 



'MM 



z~w 



JZ 



%RP 



l WRH 



7 \liiliitiiiiiiiiiiiiiliii 



f V 



WHIM, 



ni inn 



W1/I0 1-W4/I04 



v OH- 



VOL— - 



> 



OPEN 



Note: D IN , OE, A0^A9="H" or "L" 



m-- " h " 



or "L" 



- A-297 



TC514410J/Z-80, TC514410J/Z-10 



HIDDEN REFRESH CYCLE (READ) 



RAS 



CAS 



A0-A9 



'IL — 



tCRP 



l RC 



t BC 



'IH — 




tAR 



l RCD 



^RAD \\ 



RAH 



ROW 



WB/WRITE 



OE 



MH —JJ 
V IL —L 




OW ^7\y COLUMN "v/7 
DD ft/M ADDRESS A/7 



/ 



tRP 



tRAS 



/ 



tCRP 



l RRH HvRP 



ZZWSMMMB 



'OH 



tCLZ 



W1/I01-W4/I04 . 




SC 



tWRH 



J 



^OFF 



t OEZ 



VALID DATA-OUT 



Note: D IN =OPEN 



77/| : "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



'IH 



V IL 



t CRP 



i RC 



l RC 



tRAS , t RP J 



t AR 



l RSH 



A0-A9 



ViH — 



'IL 



*IL 



J 



ASR, 




t ASC 



t RAW 



ROW 
ADD 



WB^ WRITE 



'IH 



V IL 




-CAH 



COLUMN 
ADDRESS 



H l WC 




'f=\ 



MlAS 



tRP 



i \ 



tCHR 



*CRP 



wllliilllllilllililiL 



WK 



tWCH 



l WP 



WMMM 



W1/I01-W4/I04 / 




1 WDH t DS 




///////////////// 



C DH 



VALID DATA-IN 



mum/, 



iiiiiiiiiiiiiiiiiiiii 



MASK 
DATA-IN 



: "H" or "L" 



Note: D OUT =OPEN 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



A0-A9 



READ CYCLE 




'i/lilllllllillllllllllllllllil!!lllllllllllll/!li 



W1/I01-W4/T0 4 



"IL 



READ-MODIFY-WRITE CYCLE 



WB /WRITE 



OE 



W1/I01-W4/I0 4 



tWRP 

zzwr 



VALID DATA 



-IN > 



tWRH t«cs_ 

^ lillllllllliF 



tAWD 



t CWD 



tCAC 



VlL 



- JllIlllllllllllIlllllllllIMM^ 

I JCAC 
tCLZ "~ 



vol — " 
Vih — 



OPEN 



tQED 



UJ 



VALID DATA-OUT 



OPEN 



'IL 



tDS 



t RWL 



z$ 



X DH 



\)\ DATA-IN^ ^y/ 
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TEST MODE IN CYCLE 



tRC 



: RP 



V IL ■ 



CAS 



' IH- 



V IL" 



l CPN 



l CSR 



tRAS 



WB/WR1TE 



1H— //////////// 



V IL ■ 



7/////////. 



l WTS 



v OH" 



W1/I01-W4/104 



VOL' 



> 



S/^M^^^///////?//^/ 



u/////////////////f//I//f///////////////n/f 



OPEN 



tote: D IN> OE, AO ^ A9 : "H" r "L" U7/\ : "H" or "L" 



— A-301 — 



TC514410J/Z-80, TC514410J/M0 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410J/Z can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa- 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

@ Select one certain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 
Repeat this operation 1024 times. 

(3) Check "1" out of 1024 bits at normal read mode, which was written at (2) . 

(4) Using the same column as (2) , read "1" out and write "0" in each cell perform- 
ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 1024 times. 

(D Check "0" out of 1024 bits at normal read mode, which was written at © . 

(6) Perform the above (T) to (5) to the complement data. 
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APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC514410J/Z are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches t he 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS and 

CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address 
multiplexing operation is done outside of the critical path timing sequence for read 
data access. The later events in the CAS clock sequence are inhibited until the 
occurrence of a delayed signal derived from the RAS clock chain. The "gated CAS" 
feature allows the CAS clock to be externally activated as soon as the Row Address 
Hole Time specification (tj^jj) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on_(Wi)I0i into 
the on-chip data latch. To make use of the write-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/I0i) high with set-up and hold times referenced to 
the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa- 
bility does not work and the write operation is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval tj^£ and tQ-g^ are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffer are 

enabled. Both CAS and OE can control the output. Thus in a read operation, either 

OE or CAS returning high forces the outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row address (A0 ^ A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles, RAS only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the lcC3 specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514410J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (tcsR) before RAS 
goes to low, on chip refresh control clock generations and the refresh address 
counter are enabled, and an internal refresh operation tekes place. After the 
refresh operation is performed, the refresh address counter is automatically in- 
cremented in preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

The "Page-Mode" feature of the TC514410J/Z allows for successive memory 
operations at multiple column locations of the same row address with increased speed 
without an increase in power. This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic throughout all successive momory cycles 
in which the row address is common. This "Page Mode" of operation will not dissipate 
the power associated with the negative going edge of RAS. Also, the time required 
for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC514410J/Z is that refresh cycles may be performed 
while maintaining valid data at the output pin. This is referred to as Hidden Refresh. 
Hidden Refresh is performed by holding CAS at Vjl and taking RAS high and after a 
specified precharge period (t RP ) y executing a CAS before RAS refresh cycle, 
(see Figure below) 



RAS 



CAS 



Wl 7101^4/104 



-OPEN 



MEMORY CYCLE 



FEFRESH CYCLE 



< 



VALID DATA-OUT 



REFRESH CYCLE 



> 



This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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TEST MODE 



The TC514410J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. Aoc is not used. If, upon reading, two bits 
on one I/O pin are equal (all "l"s or "0"s) , the I/O pin indicates a "1". 
If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514410J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it 
were a 512K x 4 DRAM. 



"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 14 puts the 
device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 
times (1/2 in case of N test pattern) . 
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BLOCK DIAGRAM IN TEST MODE 
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O- 
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■cx^p- 
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5 12K bl ock 



512K block 



512K block 



512K block 
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Plastic ZIP 



Unit in mm 



/ 



INDEX DOT 



V V 



V V V V V V V 

0.5±0.1 



vvvvvvvv 

1.2 7TYP. 



1 3 5 7 9 11 13 15 17 19 




3.0 MAX. 



A 



-^-r 



1 U * ZD -0.05 



1.2 7 TYP. 



2.5 4TYP. 



2 4 6 8 10 12 14 16 18 20 

Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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• Plastic SOJ 



Unit in mm 



1 7.0 2-1 7.27 



26 25 24 23 22 



t 



INDEX DOT 



12 3 4 5 



18 17 16 15 14 



9 10 11 12 13 



0.8 MIN. 



W 



lb 



0.6 6-0.8 1 




Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC521000P/J 



1MBit (256K x 4) Field Memory 



PRELIMINARY 



DESCRIPTION 



The TC521000P/J is a 
features separate inputs/ 
words x 8 bit shift regis 
clock rate of 33MHz (seri 
read /write memory with a 
in field/ frame memory in 
improvements in picture q 
fabricated using TOSHIBA' 
circuitry to provide low 



CMOS 1Mbit Field Memory organized as 256K words by 4 bits, and 
outputs, each equipped with an 8 bit serial shift register (32K 
ter x 4 bits), and also features high speed operation with a 
al cycle time: 30ns). The TC521000P/J is a high speed serial 
random access capability per 8 words, and is suitable for use 
digital TV, VCR and other video spplications which require 
uality and enhancements in performance. The TC521000P/J is 
s CMOS silicon gate process technology as well as advanced 
power dissipation and wide operating margins. 



FEATURES 



High speed and low power 



Serial Access Time 


20ns 


Serial Read Cycle. Time 


30ns 


Serial Write Cycle- Time 


30ns 


Read, Write Cycle Time 


190ns 


Read-Modif y-Write Cycle Time 


240ns 


Read-Read-Write Cycle Time 


480ns 


Power Dissipation 


Operating Power 


550mW 


Standby Power 


HOmW 



Organization: 



32K word x 8bit 
shift register x 4bit 



PIN CONNECTION 



A7 £ 

A6 C 

A5 C 

A4 C 

A3 C 

A2 C 

Al C 

AO C 



cs C io 



WE C 13 



WS 
DI1 
DI2 C 



SIC C 17 



D01 

D02 



X^ 



40 


3 v cc 


39 


3 A8 


38 


3 A9 


37 


3 A10 


36 


3 All 


35 


3 A12 


34 


3 A13 


33 


3 A14 


32 


D CE 


31 


3 RFSH 


30 


3 no 


29 


3 NG 


28 


3 sp 


27 


3 RS 


26 


3 DI4 


25 


3 DI3 


24 


3 soc 


23 


3 D04 


22 


3 D03 


21 


3 OE 



40-pin 600 mil DIP, 400 mil SOJ 



• Single 5V power supply: 5V±10% 

• On-chip 8bit shift registers 

• Separate inputs and outputs 

• Serial read/write, Read/Write, Read-Modify- 
Write, High Speed Read-Read-Write capability 

• Random Access Capability per 8 word 

• 8ms/512 refresh cycles 

• On-chip refresh counter 

• All inputs and outputs: TTL compatible 

• Package: 40 pin 600mils wide standard 

plastic DIP 



|PIN NAMES) 


SYMBOL 


NAME 


A0 ^ A14 


Address Input 


CE 


Chip Enable Input 


0E 


Output Enable Input 


WE 


Write Enable Input 


WS 


Write Strobe Input 


RS 


Read Strobe Input 


CS 


Chip Select Input 


SIC 


Serial Input Clock Input • 


SOC 


Serial Output Clock Input 


DI1 ^ DI4 


Data Input 


D01 * D04 


Data Output 


RFSH 


Refresh Control Input 


SF 


Special Function Input 


VCC 


Ground (5V) 


VSS 


Ground (0V) 


NC 


Non Connection 
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IBLCOK DIAGRAM) 







rpsh n— 



SORn Serial Output Register RLn 

SIRn .... Serial Input Register WLn 



Read Latch CDrt . 
Write Latch SAn . 
IOSn 



Column Decoder 
Sense Amplifier 
I/O Switch 



CJ1 



TC521000P/J 



PIN NAMES AND FUNCTIONS 



SYMBOL 


NAME 


FUNCTION 


AO'v A8 


Row Address Inputs 


Row Addresses 


A9 % A14 


Column Address Inputs 


Column Addresses 

The A14 is a column LSB address and is controlled 

internally by SF signal. 


CE 


Chip Enable Input 


The falling edge of CE latches the AO ^ A14 and CS. 
The read data is retained in Read Latch (RL) , even 
if the CE goes high. 


CS 


Chip Select Input 


The low CS forbid the memory cell access opera- 
tion, but allows the refresh operation. 
(CE ONLY REFRESH) 


RS 


Read Strobe Input 


The RS" controls the transfer operation to Output 
Shift Register from Read Latch (RL) . 


SF 


Special Function 


The SF controls the column LSB A14 internally. 


ws 


Write Strobe Input 


The WS controls the transfer operation to Write 
Latch (WL) from Input Shift Register. 


WE 


Write Enable Input 


The WE controls the write operation into the 
memory cell. 


OE 


Output Enable Input 


The OE enables the D01 ^ D04 output buffers. 




Refresh Control Input 




RFSH 


The RFSH controls the auto refresh operation. 


soc 


Serial Output Clock 
Input 


The SOC is a shift clock input to Output Shift 
Register. 


SIC 


Serial Input Clock 
Input 


The SIC is a shift clock input to Input Shift 
Register. 


D01 ^ D04 


Data Outputs 


Serial Output Terminals. 


DI1^DI4 


Data Inputs 


Serial Input Terminals. 
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ABSOLUTE MAXIMUM RATINGS (Note: 1) 



SYMBOL 


ITEM 


RATING 


UNITS 


NOTES 


v IN*V0UT 


Input • Output Voltage 


-1^7 


V 


2 


v C c 


Power Supply Voltage 


-1^7 


V 


2 


T opr 


Operating Temperature 


CW0 


°C 




T stg 


Storage Temperature 


-55^ 150 


°c 




T solder 


Soldering Temperature • Time 


260 • .10 


°C«sec 




Pd 


Power Dissipation 


1 


W 




x OUT 


Short Circuit Output Current 


50 


mA 





RECOMMENDED DC OPERATING CONDITIONS (Ta-0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


(10) 

TYP. 


MAX. 


UNITS 


NOTES 


icci 


OPERATING CURRENT 

(CE, SIC, SOC Cycling: t C , tsiC. tsoc^min.) 


- 


65 


100 


mA 


3,4 


I CC2 


STANDBY CURRENT 
(CE=0E=V IH , SIC=SOC=V IL ) 


- 


3 


20 


mA 




I CC3 


REFRESH CURRENT 

(RFSH Cycling: tFc =t FC niin.) 


- 


50 


100 


mA 


3 


^KL) 


INPUT LEAKAGE CURRENT (Except for SF Pin) 

(0V< V IN 1 6.5V, All other pins not under test=0V) 


-10 


- 


10 


uA 




X I2(L) 


INPUT LEAKAGE CURRENT (SF Pin ONLY) 

(0V< V IN 1 6.5V, All other pins not under test=0V) 


-50 


- 


50 


uA 




X 0(L) 


OUTPUT LEAKAGE CURRENT 

(OVl VoUT- V CC> Output is disabled) 


-10 


- 


i {•} 


yA 




V H 


OUTPUT HIGH LEVEL VOLTAGE 
(I 0UT =-2mA) 


2.4 


- 


- 


V 




vol 


OUTPUT LOW LEVEL VOLTAGE 
(l0UT= 2inA ) 


- 


- 


0.4 


V 





CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0^70°C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


en 


Input Capacitance (A0^A14) 


- 


7 


pF 




C I2 


Input Capacitance 


- 


7 


pF 




(CE, CS, RS, WS, WE, 0E, SF, RFSH, SIC, SOC) 


Cl3 


Input Capacitance (DI1^DI4) 


- 


7 


pF 




c 


Output Capacitance (DOl^D04) 


- 


9 


pF 
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AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V CC =5V±10% S Ta=0^70°C) (Note: 5, 6, 7) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


tc 


Read, Write Cycle Time 


190 




ns 




tRMW 


Read-Modify-Write Cycle Time (=8x t soc , t SIC ) 


240 




ns 




t RRW 


Read-Read-Write Cycle Time (=16x tsoc) 


480 




ns 




t CE 


. CE Pulse Width 


100 


2,000 


ns 




t p 


CE Precharge Time 


80 




ns 




tASC 


Address, CS Set-up Time 







ns 




t AHC 


Address, CS Hold Time 


50 




ns 




tsoc 


Serial Output Cycle Time 


30 




ns 




tso 


SOC Low Pulse Width 


10 




ns 




tsop 


SOC High Pulse Width 


10 




ns 




tSOA 


SOC Access Time 




20 


ns 


8 


t$OH 


SOC Output Data Hold Time 


5 




ns 


— — 


tsic 


Serial Input Cycle Time 


30 




ns 


tsi 


SIC Low Pulse Width 


10 




ns 




tSIP 


SIC High Pulse Width 


10 




ns 




tRCS 


Read Command Set-up Time 







ns 




t RCH 


Read Command Hold Time 







ns 




t CRD 


CE-RS Delay Time 


85 




ns 




tRS 


RS Pulse Width 


20 




ns 




t RCP 


RS-CE Precharge Time 







ns 




C RSP 


RS Precharge Time 


30 




ns 




tsos 


SOC-RS Set-up Time 







ns 




tsov 


SOC-RS Hold Time 


15 




ns 




tRSL 


SIC-RS Lead Time 







ns 




t OE 


OE Pulse Width 


30 




ns 




t OEP 


OE Precharge Time 


30 




ns 




t OEA 


OE Access Time 




25 


ns 


8 


t OEZ 


OE Output Buffer Turn-off Delay Time 





30 


ns 


9 


t RWD 


RS-WE Delay Time 







ns 




tCWD 


CE-WE Delay Time (Read-Modify-Write Cycle) 


90 




ns 




t WHC 


WE Hold Time 


70 




ns 




tWP 


WE Pulse Width 


30 




ns 




tCWL 


WE-CE Lead Time 


40 




ns 





- B-7 - 



TC521000P/J 



(Continued) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


tSWE 


WS-WE Set-up Time 


20 




ns 




tws 


WS Pulse Width 


20 




ns 




tWSP 


WS Precharge Time 


30 




ns 




tWIH 


WS Inhibit Time referenced to WE 


50 




ns 




twiHC 


"WS Inhibit Time referenced to CE 


100 




ns 




tsiv 


SIC-WS Set-up Time 


5 




ns 




tSIH 


SIC-WS Hold Time 


10 




ns 




tDS 


Data Input Set-up Time 


5 




ns 




tDH 


Data Input Hold Time 


5 




ns 




tSFS 


SF-CE Set-up Time 







ns 




tSFH 


SF-CE Hold Time 







ns 




tCSL 


SF-CE Lead Time (Read-Read-Write Cycle) 


50 




ns 




tSSH 


SOC-SF Hold Time (Read-Read-Write Cycle) 


20 




ns 




t T 


Transition Time (Rise and Fall) 


3 


50 


ns 


7 


tREF 


Refresh Period 




8 


ms 




tFC 


Refresh Cycle Time 


190 




ns 




tCFD 




80 




ns 




CE Precharge-RFSH Delay Time 


t FAP 




100 


2,000 


ns 




RFSH Pulse Width 


t FP 




80 




ns 




RFSH Precharge Time 


^SC 


RFSH Precharge-CE Delay Time 


80 




ns 





Note 
(1) 

(2) 
(3) 

(4) 
(5) 

(6) 

(7) 

(8) 

(9) 
(10) 



Stress greater than those listed under "Absolute maximum ratings" may cause perma- 
nent damage to the device. 

All voltages are referenced to V"ss» 

IrjCl anc * ICC2 depend on cycle time. These values are specified at the condition 
of minimum cycle time. 

lCCl depends on output loading. Specified value is obtained with the output open. 

An initial pause of 200us is required after power up followed by 8 CE cycles be- 
fore proper device operation is achieved. In case of using auto refresh, a mini- 
mum of 8 RFSH cycle are required. 

AC measurements assume tx=5ns. 

VTy(min.) and ViL(max.) are reference levels for measuring timing of input signals. 

Also transition times are measured between Vjh and Vjl. 

Output timings are measured with a load equivalent to 2 TTL load and 30pF. 

DquT comparate level: Voh/Vol = 2.0V70.8V 

t 0EZ( max «) defines the time at which the output achieve the open state. 

Typical values are at Ta=25°C and VrjC=5,0V. 
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READ/SERIAL READ CYCLE 
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~» ZPM. 




V 0H 

vol- 



CDCZXZX3 



PREVIOUS DATA OUTPUT 



NEW DATA OUTPUT 



^| Don't Care 
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WRITE/SERIAL WRITE CYCLE 



\ 



VlH ™ " 



l ASC 



~~A14 ViH Z 



::iM 



f 



C AHC 



\ 



t SPC 



tp 



7 



:s 



M^ 



7K 



VlL ■ 
VlH ' 
V H -_- 



D SWE 



"tCWL 



t wp 



A. 



twiH 



^.Iws^=- 



t WSP 



DIl- 



DATA INPUT 



^SIC 



t SI ? M 



tpT 



^v/\_ 



»" v°"- ^X"X"T»X m .r^X'^T^x^y^Y ^x - 



DATA INPUT FOR NEXT CYCLE 



Don't Care 
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READ MODIFY WRITE CYCLE 



Vih. 

VJL- 

VlH ' 
VlL- 

V IH " 

VlH ■ 
VlL ■ 

VlH • 



k 



^SC 



C RMW 



X CE\ 



G A HC 



K 



m t -« : mwmm, 



■j K 



7 



K 



At 



feFg 



t RCS 





WE 


V IH 
VlL 




WS 


VlH 
VlL 




SIC 


VlH 

V IL 


DI1 


~DI4 


VlH 



X 



X 



K)EA 



tRSL 



A/1i/\/\/\y\/\A/\/\/V 



;/: 



^ SQC, 



tWIHC 



SPA, rCWL 



%FH 



A 



c rcp 



CZXZXfDC3CZ)GD(ZXE)CI 



"tWIH 



•\f±/: 



t WSP 



i_ 



L fcJlH 




3(Z}GD(3Z:!GDGD(Z>GD(Z)(Z>C 



Don't Care 
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READ-READ-WRITE CYCLE 



'U. He 



VlH— - 



.ASC. 



t AHC J 



J I ft READ A DDR. Y/ 



7 



tASC 



SC 



'TL — = t 



t SSH 



L CRp 



"t 



V 



7 



WRITE ADDR 



:*^mc 



tR^hp 



EJ&SP- 



tRSL 



r sov 



"IVVWVVAAAAAAAAAAAA/Y 



: soc 



y 



\ 



^SL . 



D01 ~D04 




-» ::::7Xexzdc^)gd^:gdgdgd( 



^/^ Don't Care 
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CE ONLY REFRESH 
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VlH 



V IH ~ \h 

Vtt, ^ 



— 5 ZWC 



"tASC 



*C 



\L 



REFRESH ADDR. 



~JL 



y \ 



WMK 



WE, A9^14 Don't Care 



RFSH AUTO REFRESH 



VlH " 



iCFD 



g r L tFAF , . l i*- "M , t FAP U> 



1 



WE, A0^14 . * Don't Care 



Don't Care 
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OPERATION INFORMATION 



(1) READ/SERIAL READ CYCLE 

i) SERIAL READ CYCLE (Refer to Fig. 1, 2) 

P-l The read address is latched at the falling edge of CE. The 8 bit data read 
out are transferred to and latched into the read latch (RL) . 

[2] The data latched at the RL are transferred to serial output register (SOR) at 
the first rising edge of SOC after the RS goes low. 

[3] The 8 bit data transferred to the SOR are shifted and output sequentially 
synchronized with SOC from the first rising edge of SOC after the RS falls. 
Fig.l Block Diagram 
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31 
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H 



32K 

CELL 
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£> GC 



IE 



31 



H 



CD4 



3 2K 

CELL 
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® 



S> 



SERIAL OUTPUT 



Fig. 2 Timing Diagram 
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(2) WRITE/ SERIAL WRITE CYCLE (Refer to Fig. 3, 4) 

[Tj The 8 bit input data are latched into the 8 bit serial input register (SIR) 
sequentially synchronized with SIC. 

[2\ The 8 bit input data latched into the SIR are transferred to the write latch 
(WL) at the falling edge of WS. 

[TJ The write address is latched at the falling edge of CE, same as read opera- 
tion. Then the data stored in selected address to be written are read out 
and latched into the RL independent of this write operation, so the read data 
latched there can be read out through SOR by using RS and SOC (Read-Modify- 
Write) . 

M The 8 bit input data latched into the WL are written into the selected address 
location at the falling edge of WE, 

Fig. 3 Blo ck Diagram 

s 





m 












. . 1 


v > .qTRfi > QTRR } ar-DA 
















SERIAL TNPUT 


®n 


11 


11 




WL6 


WL5 


WL4 




raW 


11 


u 




I OS 6 


I OS b 


10S4 










« 




CD6 




CD 5 




CD4 






SA6 


SA5 


SA4 




BL_) 


32K 

CELL 

ARRAY 


32K 

CELL 
ARRAY 


32 K 

CELL 
ARRAY 




Fig. 4 Timing Diagrar 


n 












cliT 


K m 










\ 






cs 1 


\ 










—//////A 


wk ITE AM . W//////////////////////////////////, 






WS* 




,H3 








WE 






,.B 








DI1-4 



bGO( 



BIT DATA INPUT - 



)GDGDC30C3CXI 



B-15 - 



TC521000P/J 



(3) READ-MODIFY-WRITE CYCLE 

This operation is to execute write just after read in one CE cycle. 

(4) READ-READ-WRITE CYCLE (Special operation) (Refer to Fig. 5, 6) 

By using SF signal, three operations - the read operation for consecutive two 
address (16 bit data output) and write operation into the different address 
from read (8 bit data input) - can be performed asynchronously in two CE cycles 
(480ns). In this operation, the read start address must be even. This operation 
capability allows the field double scan in order to improve the picture quality 
in TV applications. 

[Tj The read address (even) is latched at the falling edge of CE under the condition 
of SF=low. Then the 8 bit read out data are transferred to and latched into the 
RL. 

|Y] The 8 bit data latched into the RL are transferred to SOR by the RS, and then the 
data latched into the SOR are shifted and output from the first rising edge of 
SOC after the "RS falls. 

[Tl Then when SF goes high, the LSB bit (A14) of coulumn addresses is changed to "1" 
from "0" automatically, and the data in the next column address are transferred 
to and latched into the RL. 

|4| When the CE goes high, only memory cell array its peripheral area except for the 
latch and serial registers are placed in a precharge state. Then the data latched 
into the RL and SOR are maintained there, so the WS and RS can be input. 

15 1 On the other hand, the 8 bit input data are latched into the SIR sequentially 
synchronized with the SIC and then transferred to and latched into the WL by 

the WS. 

|6i The write address is latched at the falling edge of CE", and then the data stored 
in the selected address is read out, but the data already latched into the RL 
are protected and retained there because of maintaining the SF "high". 

[71 The 8 bit data latched into the RL (in [Tj ) are transferred to and latched into 
the SOR by the RS. 

|8| The 8 bit data latched into the WL (in |_5j ) are written into the selected cell 
locations by the WE. 
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Fig .5 Block Diagram 
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(5) REFRESH 

The TC521000P/J's refresh period is 8ms/512 cycles. 



The two types of refresh operation — CE only refresh and RFSH auto refresh — 
are allowed. 

5-1: CE only refresh 

The refresh is accomplished by performing a CD cycle at each of the 512 
ow address (A0-A8) within each 8ms time interval. 



5-2: RFSH auto refresh 



The RFSH auto refresh is available on the TC521000P/J. When the RFSH 
goes i ow under the condition of CE=high, the on-chip refresh control 
clock generator and refresh address counters are enabled. Then, the 



refresh is accomplished by applying 512 clocks to the RFSH input within 
an 8ms time interval. 
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Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their longitudinal position with respect to No.l and No. 40 leads. 
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TOSHIBA MOS MEMORY PRODOCTS 



TC524256P/Z/J-10, TC524256P/Z/J-12 



DESCRIPTION 

The TC52A256P/Z/J is a CMOS Multiport memory equipped with a 262 , 144-word x 4 bit dynamic 
random access memory(RAM) port and a 51^-word * 4 bit static serial access memory (SAM) port. 
In addition to the conventional DRAM operation modes, the TC524 256P/Z/J features a write- 
per-bit function on the RAM port; Bi-directional transfer capability between the DRAM mem- 
ory array and the SAM data register and a high speed serial read/write capability on the 
SAM port. The RAM port and the SAM port can be accessed independently except when data is 
being transferred between them internally. The TC524256P/Z/J is fabricated using TOSHIBA T s 
CMOS silicon gate process technology as well as advanced circuitry to provide low power 
dissipation and wide operating margin. Multiplexed address inputs and a common input/output 
organization allow the TC524256P/Z/J to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP and in a standard 32-pin 400-mil wide plastic SOJ. System ori- 
ented features include a single 5V±10% power supply operation and compatibility with high 
performance schottky TTL logic. 



FEATURES 



ITEM 


TC52 4 2 56P/Z/J 


-10 


-12 


tRAC RAS Access Time (Max.) 


100ns 


120ns 


tCAC CAS Access Time (Max.) 


50ns 


60ns 


C RC Cycle Time (Min.) 


190ns 


220ns 


tpc Page Mode Cycle Time (Min.) 


90ns 


105ns 


t SCA Serial Access Time (Max.) 


25ns 


35ns 


t SCC Serial Cycle Time (Min.) 


30ns 


40ns 


j_ _ RAM Operating Current 
(SAM: Standby) 


70mA 


60mA 


j SAM Operating Current 
LLZA (RAM: Standby) 


50mA 


45mA 


j RAM/SAM 
LUZ Standby Current 


10mA 



• Organization 

RAM port: 262,144 words x 4 bits 
SAM port: 512 words x 4 bits 

• Single power supply of 5V±10% with a built- 

in Vgg generator 

• Read-Modify-Write, CAS before RAS refresh, 

Hidden refresh, Page mode, Write-Per-Bit , 
Read transfer, Write transfer, Serial 
read, Serial Write capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycle/8ms 

• Package 

TC524256P: 0.4 inches 28 pins standard 

Plastic DIP 
TC524256Z: 0.4 inches 28 pins standard 

Plastic ZIP 
TC524256J: 0.4 inches 32 pins standard 

Plastic SOJ 



PIN NAMES 



A0 ^ A8 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output 
Enable 


WB/WE 


Write Per Bit/Write 
Enable 


Wl/ 101^174/104 


Write Mask/Data IN, 
OUT 


SC 


Serial Clock 


SE 


Serial Enable 


SI01 % SI04 


Serial Input Output 


vcc 


Power (+5V) 


vss 


Ground 


N.C 


No Connection 



PIN CONNECTIONS 
Plastic DIP 

28] V SS 
27] SI 04 
26 ] SI03 
25]SE 
24]W4/l04 
23 ] W3XL03 
22]N.C. 
21]GA§- 

9 20] N.C. 

10 19]A0 

11 18JA1 

12 17]A2 

13 16] A3 

14 15 3 A7 



SG[1 
SI01[ 2 
SI02[ 3 
W/0E[4 
W1XE01C5 
W2/I02 [ 6 
WB/WE[7 
N.C. [8 
RASE 9 
A8[ 
A6C 
A5C 
A4[ 

VccC 



(TOP VIEW) 
Plastic ZIP 

N.C. 

W4XE04 

SI03 

JSI01 

EoyoE 

W2/102 

N.C. 

A8 

A5 

v C c 

A3 
Al 

N,C. 



Plastic SOJ 







4] 


LI 


5J 

7""! 


t'i 


HI 


Is 


D5 




|_I2 


.43 
Y? 


CK 




JJH 


I7J 




1P1 


L-W 


2-0 


[2D 


r?;?: 


23j 


[274 


2_5J 


[26 


27! 






l38 



W3^E03 

SE 

SI04 

sc 

SI02 

W1/T01 

WB/WE 

RAS 

A6 

A4 

A7 

A2 

AO 

CAS 



N.C.[ 
SC[ 

sioic 

SI02C 

DI^OEC 

WL^E01[ 

W2/T02[ 

m/mtl 

N.G.[ 
RAS[ 
A8{ 
A6C 
A5C 
A4[ 

VccC 

V CC[ 



V SS 



32]V S < 
31 ] V SS 
30 ] SI04 
2S] SI03 
28]3^ 
27 ] W4/104 
26] TCVICB 
25] N.C. 
24] GAS 
23] N.C. 
22] AO 
21] A l 
20] A 2 
IS] A3 
16 ] A7 
17] N.C. 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


NOTES 


V IN» VquT 


Input Output Voltage 


-1.0*7.0 


V 


1 


v C c 


Power Supply Voltage 


-1.0^7.0 


V 


1 


Topr 


Operating Temperature 


0^ 70 


°c 


1 


T stg 


Storage Temperature 


-55^150 


°C 


1 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 


1 


PD 


Power Dissipation 


1 


W 


1 


I OUT 


Short Circuit Output Current 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITION (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


v C c 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, 


ra=0a,70°C) 












SYMBOL 


ITEM (RAM Port) 


SAM 
Port 


TC524256P/ 
Z/J-10 


TC524256P/ 
Z/J-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


. MAX. 


I CC1 


OPERATING CURRENT 

(RAS, CAS Cycling: t RC =t RC MIN.) 


Standby 


- 


70 


- 


60 


mA 


3,4 


I CC1A 


Active 


- 


110 


- 


100 


3,4 


X CC2 


STANDBY CURRENT 
(RAS, CAS=V IH ) 


Standby 


- 


10 


- 


10 


mA 




I CC2A 


Active 


- 


50 


- 


45 


3,4 


X CC3 


RAS ONLY REFRESH CURRENT 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


Standby 


- 


70 


- 


60 


mA 


3 


I CC3A 


Active 


- 


110 


- 


100 


3,4 


X CC4 


PAGE MODE CURRENT 

(RAS=V IL , CAS Cycling: t pc =t pc MIN.) 


Standby 


- 


60 


- 


50 


mA 


3,4 


X CC4A 


Active 


- 


100 


- 


90 


3,4 


X CC5 


CA~S BEFORE RAS REFRESH CURRENT 

(CAS Before RAS Cycling: t RC =t RC MIN.) 


Standby 


- 


70 


- 


60 


mA 


3 


I CC5A 


Active 


- 


110 


- 


100 


3,4 


X CC6 


DATA TRANSFER CURRENT 

(RAS, CAS Cycling: t RC =t RC MIN.) 


Standby 


- 


SO 


- 


75 


mA 


3 


X CC6A 


Active 


- 


130 


- 


120 


3,4 



SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


^(L) 


INPUT LEAKAGE CURRENT 

(0V< V IN < 6.5V, All Other Pins Not Under Test=0V) 


-10 





10 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(Output is disabled, 0V < V 0UT < 5 . 5V) 


-10 





10 


ViA 




V H 


OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SlOi ..... lour^mA) 


2.4 


- 


- 


V 




vol 


OUTPUT LOW LEVEL VOLTAGE 

(Wi/IOi I OUT =+4.2mA, SICi I 0UT =+2mA) 


- 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V CC =5V±10%, Ta=0^70°C) (NOTES 5, 6, 7) 



SYMBOL 


PARAMETER 


TC524256P/ 
Z/J-10 


TC524256P/ 
Z/J-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Random Read or Write Cycle Time 


190 




220 




ns 




t RWC 


Read-Write Cycle Time 


250 




290 






t PC 


Page Mode Cycle Time 


90 




105 






tpRWC 


Page Mode Read-Write Cycle Time 


150 




175 






t RAC 


Access Time from RAS 




100 




120 


8,14 


t CAC 


Access Time from CAS 




50 




60 


-8,14 


tOFF 


Output Buffer Turn-Off Delay 





30 





35 


10 


t T 


Transition Time (Rise and Fall) 


3 


35 


3 


35 


7 


tRP 


RAS Precharge Time 


80 




90 






t RAS 


RAS Pulse Width 


100 


10,000 


120 


10,000 




tRSH 


RAS Hold Time 


50 




60 






t CSH 


CAS Hold Time 


100 




120 






tCAS 


CAS Pulse Width 


50 




60 






tRCD 


RAS to CAS Delay Time 


20 


50 


25 


60 




t CRP 


CAS to RAS Precharge Time 


10 




10 






t CPN 


CAS Precharge Time 


15 




20 






t CP 


CAS Precharge Time (Page Mode) 


30 




35 






t ASR 


Row Address Set-Up Time 














t RAH 


Row Address Hold Time 


10 




15 






tASC 


Column Address Set-Up Time 














t CAE 


Column Address Hold Time 


20 




25 






t AR 


Column Address Hold Time referenced to RAS 


70 




85 






t RCS 


Read Command Set-Up Time 














t RCH 


Read Command Hold Time 












11 


t RRH 


Read Command Hold Time referenced to RAS 


10 




10 




11 


t WCH 


Write Command Hold Time 


20 




25 






tWCR 


Write Command Hold Time referenced to RAS 


70 




85 






twp 


Write Command Pulse Width 


20 




25 






t RWL 


Write Command to RAS Lead Time 


30 




35 






C CWL 


Write Command to CAS Lead Time 


30 




35 






C DS 


Data Set-Up Time 












12 


tDH 


Data Hold Time 


20 




25 




12 


t RASP 


RAS Pulse Width (Page Mode) 


190 


100, OOC 


225 


100,000 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 



SYMBOL 


PARAMETER 


TC524256P/ 
Z/J-10 


TC524256P/ 
Z/J-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t DHR 


Data Hold Time referenced to RAS 


70 




85 




ns 




^CS 


Write Command Set-Up Time 












13 


t RWD 


KaS to WE Delay Time 


125 




150 




13 


t CWD 


CAS to WE Delay Time 


75 




90 




13 


t DZC 


Data to CAS Delay Time 














t DZO 


Data to OE Delay Time 














t OEA 


Access Time from OE 




25 




30 




tOEZ 


Output Buffer Turn-Off Delay from OE 





20 





25 


10 


t OED 


OE to Data Input Delay Time 


20 




25 






t OEH 


OE Command Hold Time 


20 




20 






tROH 


RAS Hold Time referenced to OE 


20 




20 






t CSR 


CAS Set-Up Time for CAS Before RAS Cycle 


10 




10 






t CHR 


CAS Hold Time for CAS Before RAS Cycle 


20 




20 






t RPC 


RAS Precharge to CAS Active Time 














tCPT 


CAS Precharge Time for CAS Before RAS 
Counter Test 


40 




50 






tREF 


Refresh Period 




8 




8 


ms 




t WSR 


WB Set-Up Time 












ns 




t RWH 


WB Hold Time 


10 




15 






t MS 


Write-Per-Bit Mask Data Set-Up Time 














t MH 


Write-Per-Bit Mask Data Hold Time 


10 




15 






tTHS 


DT High Set-Up Time 














t THH 


DT High Hold Time 


10 




15 






t TLS 


DT Low Set-Up Time 














t TLH 


DT Low Hold Time 


10 




15 






tRTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


80 




95 






t CTH 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


30 




35 






t ESR 


SE Set-Up Time referenced to RAS 














t REH 


SE Hold Time referenced to RAS 


10 




15 






C TRD 


DT to RAS Delay Time (Read Transfer) 














t RP 


DT Precharge Time 


30 




35 






t RSD 


RAS to First SC Delay Time (Read Transfer) 


100 




120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION 



SYMBOL 


PARAMETER 


TC524256P/ 
Z/J-10 


TC524256P/ 
Z/J-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


t CSD 


CAS" to First SC Delay Time (Read Transfer) 


50 




60 




ns 




tTSL 


Last SC to DT Lead Time 
(Real Time Read Transfer) 


5 




10 






tTSD 


DT to Frist SC Delay Time (Read Transfer) 


15 




20 






t SRS 


Last SC to RAS Set-Up Time (Serial Input) 


30 




40 






t SRD 


RAS to First SC Delay Time (Serial Input) 


25 




30 






Z SW 


RAS to Serial Input Delay Time 


50 




60 






t SDZ 


Serial Output Buffer Trun-Off Delay Time 
RAS (Pseudo Write Transfer) 


10 


50 


10 


60 


10 


tszs 


Serial Input to First SC Delay Time 














t SCC 


SC Cycle Time 


30 




40 






tsc 


SC Pulse Width (SC High Time) 


10 




15 






tscp 


SC Precharge Time (SC Low Time) 


10 




15 






t SCA 


Access Time from SC 




25 




35 


9 


t SOH 


Serial Output Hold Time from SC 


5 




5 






tSDS 


Serial Input Set-Up Time 














t SDH 


Serial Input Hold Time 


20 




30 






t SEA 


Access Time from SE 




25 




35 


9 


t SE 


SE Pulse Width 


25 




35 






tSEP 


SE Precharge Time 


25 




35 






tSEZ 


Serial Output Buffer Turn-Off Delay from SE 





20 





30 


10 


t SZE 


Serial Input to SE Delay Time 














tsws 


Serial Write Enable Set-Up Time 


5 




10 






t SEH 


Serial Write Enable Hold Time 


15 




20 






t SWIS 


Serial Write Disable Set-Up Time 


5 




10 






t SWIH 


Serial Write Disable Hold Time 


15 




20 







CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A8) 


- 


8 


pF 


Cl2 


Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) 


- 


8 


C I01 


Input/Output Capacitance (Wl/101 ^ W4/I04) 


- 


IP 


C I02 


Input/Output Capacitance (SI01^SI04) 


- 


10 
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TC524256P/Z/J-10, TC524256P/Z/J-12 

NOTES: 

1 . Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 



5. Power must be applied to the RAS and DT/OE input signals to pull them "high" before 
or at the same time as the VCC sup ply is turn ed on. A fter power-up, a pause of 200 
jutseconds minimum i s req uired with RAS and DT/OE held "high." After the pause, a 
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize 
the internal circuitry, before valid re ad, write or transfer operations can begin. During 
the initialization period, the DT/OE signal must be held "high." If the internal refresh 
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required 
instead of (8) RAS cycles. 

6. AC measurements assume tj=5ns. 

7. V|h (min.) and V iL (max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vih and V| L . 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loadsand 30pF. Dqut 
comparator level: Voh/Vol =2 -0V/0.8V. 

10. toFF (max.), toEZ (max), tsnz (max) and tsEZ (max) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage 
levels. 

1 1 . Either tRCH ° r ^rrh must be satisfied for a read cycle. 



1 2. These p arameters are referenced to CAS leading edge of early write cycles and to 
WB/WE leading edge in read-write cycles. 

1 3. twcs> tRWD an d *cwd are not restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only. If twcs ^ twos (min.), the cycle is an 
early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tRWD=tRWD (min.) and tcwD = tcwD (min.), the cycle is a 
read-write cycle and the data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

1 4. Operation within the tRCD (max) limit insures that tRAc (max) can be met. tRCD (max.) 
is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 
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DEVICE INFORMATION 



RAM PORT OPERATION 



Operation Truth Table 



All operation modes of TC524256P/Z/J are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following table 1. 



RAS 


CAS 


ADDRESS 


DT/OE 


wb/weT 


SE 


FUNCTION 


H 


H 


* 


* 


* 


* 


Standby 


~L 


H 


Valid 


H-L 


H 


* 


Read 


H 


Valid 


H 


H-L 


& 


Write 


H 


Valid (Row add.) 


H 


* 


* 


RAS only refresh 


L 


* 


H(l) 


-k 


5V 


CAS-before-RAS Refresh 


H 


Valid 


H 


L 


* 


Write-per-Bit 


H 


Valid 


L 


H 


* 


Read Transfer 


H 


Valid 


L 


L 


L 


Write Transfer 


H 


Valid 


L 


L 


H 


Pseudo-Write Transfer 



Note; H: V IH , L: V IL , *: V IH or V IL 

(1) The input level of DT/OE in the CAS_before RAS timing is not ristricted. 
However it is recommended that DT/OE be held T High T because this input 
will be used for future expansion of the operation mode, 

ADDRESSING 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524256P/Z/J, are multiplexed onto 9 ad- 
dress input pins (A0^A8). Nine row-address bits are latched on the falling edge 
of the row address strobe (RAS) and the following nine column address bits are 
latched on the falling edge of the column address strobe (CAS) . 

DATA TRANSFER/OUTPUT ENABLE (DT/OE) 

The DT/OE input is a multifunction pin. When DT/OE is 'High' at the falling 
edge of RAS, a normal DRAM cycle is performed and this input is used as an output 
enable. When DT/OE is 'Low 1 at the falling edge of RAS, a data transfer operation 
is started between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/Wl input is used in the same manner as standard DRAMs except when the write-per- 
bit function is used. When WB/WE is f low r at the falling edge of RAS, the bit write- 
mask is enabled. When WB/WE and CAS are f low T at the falling edge of RAS, the raster 
operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is 'high' at the falling edge of 
RAS, the data is transferred from RAM to SAM (read-transfer cycle). When "WB/ WE is 
'low 1 at the falling edge of RAS, the data is transferred from SAM to RAM (write- 
transf er cycle) . 

WRITE-MASK DATA/DATA INPUT/OUTPUT (W1/I01 to W4/I04) 



When the write-per-bit function is enabled, the mask data on the W1/I01 pins is 
latched into the write-mask register WM1 at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic T l f . Writing is 
inhibited on data lines where the write-mask data is a logic 'O 1 . The write-mask 
data is valid for only one cycle. 

PAGE MODE 

The page mode feature of the TC524256P/Z/J allows data to be transferred into of 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent page mode read operations, the output data 
is valid after the specified access time from CAS. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 

MS-ONLY REFRESH 



The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with t RAS-ONLY t cycles. 
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CAS-BEFORE-RAS REFRESH 

The TC524256P/Z/J also offers an internal refresh function. Whe CAS in held 
'low' for a specified period (t£ SR ) before RAS goes low, an internal refresh address 
counter and on-chip refresh control clock generators are enabled and an internal re- 
fresh operation takes place. When the refresh operation is completed, the internal 
refresh address counter is automatically incremented in preparation for the next CAS- 
before-RAS cycle. For successive CAS-be fore- RAS refresh cycles, CAS can remain low 
while cycling RAS. 



HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS 'low' 
from a previous read cycle. This allows for the output data from the previous memory 
cycle to remain valid while performing a refresh. The internal refresh address 
counter pr ovid es the address and the refresh is accomplished by cycling RAS after the 
specified RAS-precharge period (refer to figure 1). 

Figure 1: Hidden refresh cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir- 
cuits of the RAM port. When WB/WE is held 'low 1 at the falling edge of RAS, during 
a random access operation, the write-mask is enabled. At the same time, the mask 
data on the Wi/IOi pins is latched onto the write-mask register (WM1). When a '0* 
is sensed on any of the Wi/IOi pins, their corresponding write, circuits are disabled 
and new data will not be written. 

When a f l r is sensed on any of the Wi/IOi pins, their corresponding write cir- 
cuits will remain enabled so that new data is written. The truth table of the write- 
per-bit function is shown in table 2. 

Table 2: Truth table for write-per-bit function 



At the falling edge of RAS 


Function 


CAS 


DT/OE 


WB/WE 


Wi/IOi (i=l^A) 


H 


H 


H 


* 


Write Enable 


H 


H 


L 


1 



Write Enable 
Write Mask 



An example of the write-per-bit function illustrating its application to dis- 
plays is shown in figures 2 and 3. 



Figure 2: Write-per-bit timing cycle 



Figure 3: Corresponding bit-map 
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TRANSFER OPERATION 

The TC524256P/Z/J features bi-directional transfer capability form RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from 
one port into the other. During a transfer cycle, RAM port and SAM port operations 
are restricted. 

There are three types of transfer operations: read transfer, write transfer 
and pseudo-write transfer. As shown in table 3, the type of transfer operation is 
determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 

Table 3: Truth table of transfer operation 



At the falling edge of RAS 




Transfer 
direction 


CAS 


DT/OE 


WB/WE 


SE 


H 


L 


H 


* 


Read/real-time read transfer cycle 


RAM + SAM 


H 


L 


L 


L 


Write-transf er cycle 


SAM + RAM 


H 


L 


L 


H 


Pseudo-write transfer cycle 


- 



*: high or low 



READ-TRANSFER CYCLE 



A read-transfer consists of loading a selected row of data from the RAM array 
into the SAM register. A read-transfer is accomplished by holding CAS high, DT/OE 
low and WB/WE high at the falling edge of RAS. The row address selected at the 
falling edge of RAS determines the RAM row to be transferred into_the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 

When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DT/OE and becomes valid on the SIO lines after the speci- 
fied access time t SCA from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 4). 

Figure 4: Block diagram of RAM port and SAM port during read transfer 
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In a read-transfer cycle (which is preceded by a write-transf er cycle), the SC 
clock must be held at a constant Vji or Vjjj, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay txSD f rom tne rising edge of DT/OlT (refer to Figure 5) . 

Figure 5: Read-transf er cycle (preceded by a write-transf er cycle) 
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In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO lines until the specified tg£^ 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any_timing loss. To make this continuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (refer 
to Figure 6) . 

Figure 6: Real-time read transfer cycle 
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W RITE-TRANSFER CYCLE 

A write-transf er cycle consists of loading the content of the SAM data register 
into a selected row or the RAM array. A write-transf er is accomplished by CAS high, 
DT/OE low, OT/WE low and SE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transf er is com- 
pleted, the SIO lines are in the input mode so that serial data synchronized with SC 
can be loaded. 

When two consecutive write-transf er operations are performed, there is a delay 
in availability between the last bit of the previous row and the first bit of the new 
row. Consequently the SC clock must be held at a constant Vj L or Vj H after the SC 
precharge time t sc has seen satisfied, a rising edge of the SC clock until after a 
specified delay t 5^ from the rising edge of RAS (refer to figure 7). 

Figure 7: Write-transf er cycle 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, 
DT/OE" low, WB/WE" low and STE high at the falling edge of RAS. The pseudo-write- 
transfer cycle must be performed after a read-transfer cycle if the subsequent 
operation is a write-transf er cycle. 

There is a timing delay associated with the switching of the SIO lines from 
serisl output mode to serial input mode. During this period, the SC clock must be 
held at a constant Vjl or Vjjj after the t$c precharge time has been satisfied. A 
rising edge of the SC clock must not occur until after the specified delay tgRD 
from the rising edge of RAS (refer to Figure 8). 

Figure 8: Pseudo-write-transfer cycle 
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SAM PORT OPERATION 



The TC524256P/Z/J is provided with a 512-word by 4-bit serial access memory (SAM). 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans- 
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM+SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512- 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are con- 
figured as circular data registers. The data is shifted out sequentially starting 
from the selected tap location to the most significant bit and then wraps around to 
the least significant bit. 



n 



i r 



c 



—* 1 — 2 ■ 



511 



Tap location determined by 
column address of read- 
transfer cycle. 



Subsequent real-time-read-transfer may be performed on-the-fly as many times 
as desired within the refresh constrainst of the DRAM memory array. 

A pseudo-writ e-transfer cycle must be performed in order to write data into the 
SAM port. This cycle switches the SAM port operation from output mode to input mode. 
Data is not transferred during a pseudo-write-transf er cycle. A writ e-transfer cycle 
(SAM->RAM) may then be performed, The data in the SAM regi ste rs is loaded into the 
RAM row selected by the row address at the falling edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge of CAS. 

Table 4: Truth table for SAM operation 



Preceding 

Transfer 

Cycle 


SAM port 
operation 


DT/OE (at the 
falling edge 
of RAS) 


SC 


SE 


Function 


read- 
transfer 


serial 
output 
mode 


H* 


R 


L 


enable serial read 


H 


disable serial read 


write- 
transf er 


serial 

input 

mode 


R 


L 


enable serial write 


H 


disable serial write 



* When simultaneous operation are being performed _on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
transfer cycle. 
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SERIAL CLOCK (SC) 

All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial- 
read, the output data becomes valid on the SIO pins after the maximum specified 
serial access time tg CA from the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in. a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi- 
cant address location (decimal 511), the next SC clock will place it at the least 
significant address location (decimal 0). 

SERIAL ENABLE (SE) 



The SE input is used to enable serial access operation. In a serial -read cycle, 
SE is used as an output control. In a serial-write cycle, SE is used as a write 
enable control. When SE is high, serial access is disabled, however, the serial ad- 
dress pointer location is still incremented when SC is clocked even when SE is high. 

SERIAL INPUT/OUTPUT (S101^SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is per- 
formed, the SAM port operation is switched from output mode to input mode. 

During subsequent write-transf er cycle, the SAM port remains in the input mode. 



REFRESH 



The SAM data registers are static flip-flops therfore a refresh is not required. 
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WRITE CYCLE (OE CONTROLLED WRITE) 
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READ-WRITE/READ-MODIFY-WRITE cycle 
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PAGE MODE READ CYCLE 
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PAGE MODE WRITE CYCLE (EARLY WRITE) 
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PAGE MODE READ-MODIFY-WRITE CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE 
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REAL TIME READ TRANSFER CYCLE 
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READ TRANSFER CYCLE (Previous transfer is write transfer) 
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WRITE TRANSFER CYCLE 
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DATA-OUT^ 



Sarial 
Output Mode 






tsws 




toDH 



VALID 

DATA- 



D ^A/VALID 
IN /\/\DATA-I N 



Serial 
Input Mode 



Don f t Care 
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SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 



DT/OE 



SIOl 

I 

SI04 




0H V VALID 3 ^/ C VALID \ / VALID = y C 

/\ DATA OUT f\ DATA-OUT/ \ DATA-OUT A 



Don't Care 



SERIAL READ CYCLE (SE=V IL ) 

v IH _ 

RAS in 



DT/OE 



SIOl v 0H 

SI04 V 0L 




\/ VALID = \7 f " 

__ /\ DATA-OUT /\ 



Note: SE=V 



IL 



Don't Care 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE) 



RAS 



— — V IH ' 
DT/OE 

V T r, • 




\ 



J 



^SC JSG^, ^SC j , SC .J j S( V| 

v IH ___ \ j^cp. / ^ ^jcp, f \,^scp y" \u t sc B 7 c \ .Jscp ; e T , t SCP 7T 



SlOl 

/ 

sro4 




t swH r C ' 



VALID 
DATA-IN 



t SWIH 



t&A'S 



\ 



tsWH P3VIE 



t-SAS 



VALID 
DATA-IN 



fc SE 



valid 

DATA-IN 



Don f t Care 



SERIAL WRITE CYCLE (SE=V IL ) 



_ .__ v IH — " 

DT/OE 



\ 



/ 



sioi v 0H 

I 

SI04 V OL 



W VALID 

_ a a. data - in 




\j ; ^"A^^ 



t SDH t SDS 





tSDH t SD£ 



VALID 
DATA-IN 




tsc 




tRBH to 



VALID 
DATA- 



tscc 



tpmw t? 



iP^/V V ALID 'v/V" 



t scc 



tsc 



^sc pi ; c \& 




VALID 
DATA- I £ 



xjQv 



Note: SE=V 



IL 



Don f t Care 
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OUTLINE DRAWINGS 



Plastic DIP 



) 



Q94TYP. 




Unit in mm 




^k 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No. 28 leads. 
All dimensions are in millimeters. 
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Plastic ZIP 



362±d2 




1 3 5 7 9 II 13 15 17 19 21 23 25 27 




4 6 8 10 12 14 16 18 20 22 24 26 28 



Unit in mm 



^ 



M 



+ai 

Q25-Q05 



ZIP28P-400 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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Plastic SOJ 



2 1.0 + CL2 



Unit in mm 




rf^ 



L^y) 



C5 



+ I 



tamrami 



a7i±ai a.43±ai 



SOJ32-P-400 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC524257P/Z/J-10, TC524257P/Z/J-12 



DESCRIPTION 

The TC524257P/Z/J is a CMOS Multiport memory equipped with a 262 , 144-word x 4 bit dynamic 
random access memory (RAM) port and a 512-word x 4 bit static serial access memory(SAM) port. 
In addition to the conventional DRAM operation modes, the TC524257P/Z/J features a logic 
function and a write-per-bit function on the RAM port; Bi-directional transfer capability 
between the DRAM memory array and the SAM data register and a high speed serial read/write 
capability on the SAM port. The RAM port and the SAM port can be accessed independently ex- 
cept when data is being transferred between them internally. The TC524257P/Z/J is fabri- 
cated using TOSHIBA'S CMOS silicon gate process technology as well as advanced circuitry to 
provide low power dissipation and wide operating margin. Multiplexed address inputs and a 
common input/output organization allow the TC524257P/Z/J to be housed in a standard 28-pin, 
400-mil wide plastic DIP and 400-mil height ZIP, and in a standard 32-pin 400-mil wide 
plastic SOJ. System oriented features include a single 5V±10% power supply operation and 
compatibility with high performance schottky TTL logic. 

FEATURES • Organization 

RAM port: 262,144 words x 4 bits 
SAM port: 512 words x 4 bits 
Single power supply of 5V±10% with a built- 
in Vgg generator 
Read-Modify-Write, CAS before RAS refresh, 
Hidden refresh, Page mode, Write-Per-Bit , 
Raster operation, Read transfer, Write 
transfer, Serial read, Serial Write 
capability. 
All inputs and outputs TTL compatible 
512 refresh cycle/Cms 
Package 
TC524257P: 0.4 inches 28 pins standard 

Plastic DIP 
TC524257Z: 0.4 inches 28 pins standard 

Plastic ZIP 
TC524257J: 0.4 inches 32 pins standard 
Plastic SOJ 



ITEM 


TC524257P/Z/J 


-10 


-12 


t RAC RAS Access Time (Max.) 


100ns 


120ns 


tCAC CAS Access Time (Max.) 


50ns 


60ns 


tRC Cycle Time (Min.) 


190ns 


220ns 


tpc Page Mode Cycle Time(Min.) 


90ns 


105ns 


C SCA Serial Access Time (Max.) 


25ns 


35ns 


t SCC Serial Cycle Time (Min.) 


30ns 


40ns 


j rrl FAM Operating Current 
(SAM: Standby) 


70mA 


60mA 


j . SAM Operating Current 
(RAM: Standby) 


50mA 


45mA 


T RAM /SAM 
u Standby Current 


10mA 



PIN NAMES 



A0 ^ A8 


Address Inputs 


RAS 


Row Address Strobe 


CAS 


Column Address Strobe 


DT/OE 


Data Transfer/Output 
Enable 


WB/WE 


Write Per Bit/Write 
Enable 


Wl/ 101 MM/ 104 


Write Mask/Data IN, 
OUT 


SC 


Serial Clock 


SE 


Serial Enable 


SI01 % SI04 


Serial Input Output 


vcc 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 



PIN CONNECTION (top view) 
Plastic DIP Plastic ZIP 



Plastic SOJ 



C[!l^8llV ss 



sioic 

SI02[ 

T5t/oe[ 

Wl/IOlI 

W2/I02T 

WB/'WIfc 

N.C. [ 

RAS[ 

A8C 

A6C 

A5[ 

A.4C 

v ccC 



3SI04 

DSI03 

]S£ 

] W4/1 04 



23JW3/I03 
22 



10 



3 N.C. 
21 ] CAS 
20 ]N.C. 
19]A0 

11 18JA1 

12 17JA2 

13 16 J A3 

14 15 ] A7 







N.C. 


1 J r-g 


W4/1 04 


SI03 


■■s\\h 


V SS 


7 ] ^ 


SIOL 


DT/OE 
W2/I 02 




N.C. 


15] r,-i 




zzi, [i6 


A8 


£& 


A5 

Vcc 

A3 
Al 


^ @5 

25] r;-] 


N.C. 


27l^ 




■ i^a 



W3/I03 

SE 

SI04 

SC 

SI02 
Wl/IOl 

W3/WE 

RAS 

AS 

A4 

A7 

A2 

A0 

CAS 



N.C. [ 

SC[ 

SI01[ 

SI02C 

DT/0E[ 

W1/I01C 

W2/I02C 

WB/WH 

N.C.C 

RAS[ 

A8£ 

A6[ 

A5£ 

A4E 

VccC 

VCCI 



32]V SS 
31 ] V SS 

30] SI 04 
293 SI03 
28 3 SE 

27 3W4/I04 
26 ]W3/I03 

25 3 N.C. 
24 3 CAS 

10 23 3 N.C. 

11 22 3 A0 

12 213 Al 

13 20 3 A2 

14 193 A3 

15 18 3 A7 

16 17 3 N.C. 
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BLOCK DIAGRAM 



Al i 
A2 i 
A3 i 

A4 i 
A5 
A6 . 



l^ 



fi cr: 

O 3 



« O 



11 



COLUMN ADDRESS 
BUFFER 



COLUMN 
DECODER 



SENSE AMP. 



C 



MEMORY ARRAY 
512X512 
x 4 bit 



TRANSFER 

GATE 



SERIAL 

REGISTER 
512 x 4 



512 ---• 



SERIAL 

SELECTOR 



m. 



I 



SERIAL 

ADDRESS 
POINTER (9) 



ZT 



c= 



W A 



< 

OPERATION 



7> 






TV 






J OS 



> wi/Toi 

» W2/I02 

> W3/I03 

> W4/I04 



1 SI01 

1 SI02 

SI03 

1 SI04 



RAS 

CAS 

DT/61T 

WB/WE 

SC. 

SE 



CLOCK 

GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNITS 


NOTES 


V IN v OUT 


Input Output Voltage 


-1.0^7.0 


V 


1 


vcc 


Power Supply Voltage 


-1.0^ 7.0 


V 


1 


^opr 


Operating Temperature 


0^70 


°c 


1 


T stg 


Storage Temperature 


-55^150 


°c 


1 


T SOLDER 


Soldering Temperature • Time 


260 « 10 


°C*sec 


1 


PD 


Power Dissipation 


1 


W 


1 


1 OUT 


Short Circuit Output Current 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITION (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10% S 


Ta=0^ 70 c 


'C) 












SYMBOL 


ITEM (RAM Port) 


SAM 
Port 


TC524257P/ 
Z/J-10 


TC524257P/ 
Z/J-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


] CC1 


OPERATING CURRENT 

(RAS, CAS Cycling: tRC =t RC MIN.) 


Standby 


- 


70 


- 


60 


mA 


3,4 


I CC1A 


Active 


- 


110 


- 


100 


3,4 


X CC2 


STANDBY CURRENT 
(RAS, CAS=V IH ) 


Standby 


- 


10 


- 


10 


mA 




1 CC2A 


Active 


- 


50 


- 


45 


3,4 


J CC3 


RAS ONLY REFRESH CURRENT 

(RAS Cycling, CAS=V IH : t R c=tR C MIN.) 


Standby 


- 


70 


- 


60 


mA 


3 


X CC3A 


Active 


- 


110 


- 


100 


3,4 


T CC4 


PAGE MODE CURRENT 

(RAS=V IL , CAS Cycling: t PC -t PC MIN.) 


Standby 


- 


60 


- 


50 


mA 


3,4 


X CC4A 


Active 


- 


1C0 


- 


90 


3,4 


J CC5 


CAS BEFORE RAS REFRESH CURRENT 

(CAS Before RAS Cycling : tR£=tRc MIN.) 


Stadnby 


- 


70 


- 


60 


mA 


3 


X CC5A 


Active 


- 


110 


- 


100 


3,4 


-CC6 


DATA TRANSFER CURRENT 

(RAS, CAS Cycling: tRC=tRC MIN.) 


Standby 


- 


80 


- 


75 


mA 


3 


1 CC6A 


Active 


- 


130 


- 


120 


3,4 



SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


X 1(L) 


INPUT LEAKAGE CURRENT 

(OVi Vin^ 6.5V, All Other Pins Not Under Test-OV) 


-10 





10 


yA 




T 0(L) 


OUTPUT LEAKAGE CURRENT 

(Output is disabled, 0V - v 0UT * 5.5V) 


-10 





10 


yA 




V 0H 


OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SlOi i OUT=-2ttuA) 


2.4 


- 


- 


V 




vol 


OUTPUT LOW LEVEL VOLTAGE 

(Wi/IOi .... IoUT =+ 4 • 2mA , SI )i . . . . IouT =+ 2mA) 


- 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V CC =5V±10%, Ta=0^70°C) (NOTES 5, 6, 7) 



SYMBOL 


PARAMETER 


TC524257P/ 
Z/J-10 


TC524257P/ 
Z/J-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


190 




220 




ns 




tRWC 


Read-Write Cycle Time 


250 




290 






tpc 


Page Mode Cycle Time 


90 




105 






tPRWC 


Page Mode Read-Write Cycle Time 


150 




175 






tRAC 


Access Time from RAS 




100 




120 


8,14 


tCAC 


Access Time from CAS 




50 




60 


8,14 


tOFF 


Output Buffer Turn-Off Delay 





30 





35 


10 


t T 


Transition Time (Rise and Fall) 


3 


35 


3 


35 


7 


tRP 


RAS Precharge Time 


80 




90 






t RAS 


RAS' Pulse Width 


100 


10,000 


120 


10,000 




tRSH 


RAS Hold Time 


50 




60 






tcSH 


CAS Hold Time 


100 




120 






tCAS 


CAS" Pulse Width 


50 




60 






tRCD 


RAS to CAS Delay Time 


20 


50 


25 


60 




t CRP 


CAS" to RAS Precharge Time 


10 




10 






tCPN 


CAS Precharge Time 


15 




20 






t.Qp 


CAS Precharge Time (Page Mode) 


30 




35 






t ASR 


Row Address Set-Up Time 














t RAH 


Row Address Hold Time 


10 




15 






t ASC 


Column Address Set-Up Time 














tCAH 


Column Address Hold Time 


20 




25 






tAR 


Column Address Hold Time referenced to RAS 


70 




85 






tRCS 


Read Command Set-Up Time 














tRCH 


Read Command Hold Time 












11 


t RRH 


Read Command Hold Time referenced to RAS 


10 




10 




11 


tWCH 


Write Command Hold Time 


20 




25 






t WCR 


Write Command Hold Time referenced to RAS 


70 




85 






tWP 


Write Command Pulse Width 


20 




25 






L RWL 


Write Command to RAS Lead Time 


30 




35 






tCWL 


Write Command to CAS Lead Time 


30 




35 






t DS 


Data Set-Up Time 












12 


t DH 


Data Hold Time 


20 




25 




12 


tRASP 


RAS Pulse Width (Page Mode) 


190 


100,000 


225 


100,000 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 



SYMBOL 


PARAMETER 


TC524257P/ 
Z/J-10 


TC524257P/ 
Z/J-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tDHR 


Data Hold Time referenced to RAS 


70 




85 




ns 




twcs 


Write Command Set-Up Time 












13 


t RWD 


RAS to WE Delay Time 


125 




150 




13 


C CWD 


CAS to WE Delay Time 


75 




90 




13 


tDZC 


Data to CAS Delay Time 














tDZO 


Data to OE Delay Time 














t OEA 


Access Time from OE 




25 




30 




t OEZ 


Output Buffer Turn-Off Delay from OE 





20 





25 


10 


t OED 


OE to Data Input Delay Time 


20 




25 






t OEH 


OE" Command Hold Time 


20 




20 






t ROH 


RAS Hold Time referenced to OE 


20 




20 






t CSR 


CAS Set-Up Time for CAS Before RAS Cycle 


10 




10 






tCHR 


CAS" Hold Time for CAS Before RAS Cycle 


20 




20 






tRPC 


RAS Precharge to CAS Active Time 














tCPT 


CAS Precharge Time for CAS Before RAS Counter 
Test 


40 




50 






tREF 


Refresh Period 




8 




8 


ms 




C WSR 


WB Set-Up Time 












ns 




tRWH 


WB Hold Time 


10 




15 






tMS 


Write-Per-Bit Mask Data Set-Up Time 














tMH 


Write-Per-Bit Mask Data Hold Time 


10 




15 






tTHS 


DT High Set-Up Time 














tTHH 


DT High Hold Time 


10 




15 






t TLS 


DT Low Set-Up Time 














tTLH 


DT Low Hold Time 


10 




15 






tRTH 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


80 




95 






t CTH 


W Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


30 




35 






l ESR 


SE Set-Up Time referenced to RAS 














t REH 


SE" Hold Time referenced to RAS 


10 




15 






tTRD 


DT to RAS Delay Time (Read Transfer) 














tRP 


DT Prechaege Time 


30 




35 






tRSD 


RAS to First SC Delay Time (Read Transfer) 


100 




120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 



SYMBOL 


PARAMETER 


TC524257P/ 
Z/J-10 


TC524257P/ 
Z/J-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


tCSD 


CAS to First SC Dealy Time (Read Transfer) 


50 




60 




ns 




tTSL 


Last SC to DT Lead Time 
(Real Time Read Transfer) 


5 




10 






tTSD 


DT to First SC Delay Time (Read Transfer) 


15 




20 






t SRS 


Last SC to RAS" Set-Up Time (Serial Input) 


30 




40 






t SRD 


RAS to First SC Delay Time (Serial Input) 


25 




30 






tSDD 


RAS to Serial Input Delay Time 


50 




60 






tSDZ 


Serial Output Buffer Turn-Off Delay from 
RAS (Pseudo Write Transfer) 


10 


50 


10 


60 


10 


C SZS 


Serial Input to First SC Delay Time 














C SCC 


SC Cycle Time 


30 




40 






fc SC 


SC Pulse Width (SC High Time) 


10 




15 






t SCP 


SC Precharge Time (SC Low Time) 


10 




15 






tSCA 


Access Time from SC 




25 




35 


9 


t SOH 


Serial Output Hold Time from SC 


5 




5 






t SDS 


Serial Input Set-Up Time 














t SDH 


Serial Input Hold Time 


20 




30 






t SEA 


Access Time from SE 




25 




35 


9 


t SE 


SE Pulse Width 


25 




35 






t SEP 


SE Precharge Time 


25 




35 






tSEZ 


Serial Output Buffer Turn-Off Delay from SE 





20 





30 


10 


t SZE 


Serial Input to SE Delay Time 














tsws 


Serial Write Enable Set-Up Time 


5 




10 






t SEH 


Serial Write Enable Hold Time 


15 




20 






t SWIS 


Serial Write Disable Set-Up Time 


5 




10 






tSWIH 


Serial Write Disable Hold Time 


15 




20 
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RASTER OPERATION WRITE CYCLE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta-0^7O°C) (NOTES 5, 6, 7) 



SYMBOL 


PARAMETER 


TC524257P/ 
Z/J-10 


TC524257P/ 
Z/J-12 


UNIT 


NOTES 


MIN. 


MAX, 


MIN. 


MAX. 


tFRC 


Write Cycle Time 


220 




260 




ns 


15 


t FRWC 


Read-Write Cycle Time 


280 




330 




15 


tFPC 


Page Mode Write Cycle Time 


120 




145 




15 


t FPRWC 


Page Mode Read-Write Cycle Time 


180 




215 




15 


tFRAS 


-RAS Pulse Width 


130 




160 




15 


t FRSH 


RAS Hold Time 


80 




100 




15 


t FCSH 


CAS Hold Time 


130 




160 




15 


tFCAS 


CAS Pulse Width 


80 




100 




15 


tFRWL 


Write Command to RAS Lead Time 


60 




75 




15 


t FCWL 


Write Command to CAS Lead Time 


60 




75 




15 



CAPACITANCE (V CC -5V±10%, f=lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


cn 


Input Capacitance (A0^A8) 


- 


8 


pF 


Cl2 


Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) 


- 


8 


C I01 


Input/Output Capacitance (Wl/IOl ^ W4/I04) 


- 


10 


C I02 


Input/Output Capacitance (SIOl ^ SI04) 


- 


10 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to V$s- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 



5. Power must be applied to the RAS and DT/OE input signals to pull them "high" before 
or at the same time as the VCC sup ply is turn ed on. A fter power-up, a pause of 200 
/xseconds minimum i s req uired with RAS and DT/OE held "high." After the pause, a 
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize 
the internal circuitry, before valid re ad, write or transfer operations can begin. During 
the initialization period, the DT/OE signal must be held "high." if the internal refresh 
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required 
instead of (8) RAS cycles. 

6. AC measurements assume tj=5ns. 

7. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between V| H and Vjl. 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and 100pF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loads and 30pF.DouT 
comparator level: V O h/Vol=2.0V/0.8V. 

10. tQFF (max), toEZ (max), tsoz (max) and tsez (max) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage 
levels. 

1 1 . Either tRCH o r tRRH must be satisfied for a read cycle. 



1 2. These p arameters are referenced to CAS I ading edge of early write cycles and to 
WB/WE leading edge in read-write cycles. 

1 3. twcs. *rwd and tcwD are not restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only. If tyvcs ^ *wcs ( m ' n -)» tne cvc,e is an 
early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tRWD=tRWD (min.) and tcwD = tcwD (min.), the cycle is a 
read-write cycle and the data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

1 4. Operation within the tRCD (max) limit insures that tRAc (max) can be met. tRCD (max) 
is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAO 
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DEVICE INFORMATION 



RAM PORT OPERATION 



Operation Truth Table 

All operation modes of TC524257P/Z/J are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following tabel 1. 

Table 1: Functional Truth Table 



RAS 


CAS 


ADDRESS 


DT/OE 


WB/WE 


SE 


FUNCTION 


H 


H 


* 


■k 


* 


* 


Standby 


1_ 


H 


Valid 


H^L 


H 


* 


Read 


H 


Valid 


H 


H^L 


* 


Write 


H 


Valid (Row add.) 


H 


* 


* 


RAS only refresh 


L 


•k 


H(l) 


H 


* 


CAS-before-RAS Refresh 


H 


Valid 


H 


L 


■k 


Write-per-Bit 


L 


Valid (AO^ A3) 


H(l) 


L 


•k 


Raster Operation Set-up 


H 


Valid 


L 


H 


k 


Read Transfer 


H 


Valid 


L 


L 


L 


Write Transfer 


H 


Valid 


L 


L 


H 


Pseudo-Write Transfer 



Note; H: V IH , L: V IL , *: V IH or V IL 

(1) The input level of DT/OE in the_CAS_before RAS timing is not ristricted. 
However it is recommended that DT/OE be held 'High 1 because this input 
will be used for future expansion of the operation mode. 

ADDRESSING 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524257P/Z/J, are multiplexed onto 9 address 
input pins (A0^A8). Nine row-address bits are latched on the falling edge of the row 
address strobe (RAS) and the following nine column address bits are latched on the 
falling edge of the column address strobe (CAS). 

The row address inputs AXO ^ AX3 are also used as operation code input signals in 
the raster operation set-up cycle. 

DATA TRANSFER/ OUTPUT ENABLE (DT/OE) 

The DT/OE input is a multifucntion pin. When DT/OE is r High T at the falling edge 

of RAS, a normal DRAM cycle is performed and this input is used as an output enable. 
When DT/OE is 'Low 1 at the falling edge of RAS, a data transfer operation is started 
between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/WE input is used in the same manner as standard DRAMs except when the write-per-bit 
function or the raster operation are used. When WB/WE is 'low 1 at the falling edge 
of RAS, the bit write-mask is enabled. When WB/WE and CAS are 'low' at the falling 
edge of RAS, the raster operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is 'high 1 at the falling edge of RAS, 
the data is transferred from RAM to SAM (read-transfer cycle). When WB/WE is 'low' at 
the falling edge of RAS, the data is transferred from SAM to RAM (write-transf er 
cycle) . 

WRITE-MASK DATA/DATA INPUT/OUTPUT (W1/I01 to W4/I04) 

When the write-per-bit function is enabled, the mask data on the W1/I01 pins is 
latched into the write-mask register WM1 at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic '1'. Writing is 
inhibited on data lines where the write-mask data is a logic '0'. The write-mask data 
is valid for only one cycle except for during raster operation. In the raster opera- 
tion set-up cycle, the mask data is latched into the write-mask register WM2 at the 
falling edge of RAS. The write-mask selected during the raster operation set-up cycle 
remains valid for all subsequent raster operation write, read-modify-write or page- 
mode write cycles. 

PAGE MODE 

The page mode feature of the TC524257P/Z/J allows data to be transferred into or 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent pn .< ^ode read operations, the ouptut data 
is valid after the specified access time f .n CA~S. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 

RAS-ONLY REFRESH 

The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with f RAS-ONLY' cycles. 
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CAS-BEFORE-RAS REFRESH 

The TC524257P/Z/J also offers an internal refresh function. When CAS is held 'low' 
for a specified period (tcSR) before RAS goes low, an internal refresh address coumer 
and on-chip refresh control clock generators are enabled and an internal refresh 
operation takes place. When the refresh operation is completed, the internal refresh 
address counter is automatically incremented in preparation for the next CAS-before- 
RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low while 
cycling RAS. 

During a CAS-before-RAS refresh cycle, WB/WE must be 'high 1 at the falling edge 
of RAS to prevent a false raster operation set-up cycle from occurring. 

HIDDEN REFRESH 



A hidden refresh is a CAS-before-RAS refresh performed by holding CAS f low f from 
a previous read cycle. This allows for the output data from the previous memory cycle 
to remain valid while performing a refresh. The internal refresh address counter 
provides the address and the refresh is accomplished by cycling RAS after the speci- 
fied RAS-precharge period (refer to figure 1). 

Figure 1: hidden refresh cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir- 
cuits of the RAM port. When WB/WE is held f low f at the falling edge of RAS, during a 
random access operation, the write-mask is enabled. At the same time, the mask data 
on the Wi/IOi pins is latched onto the write-mask register (WMl). When a f f is 
sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled and 
new data will not be wirtten. 

When a 'l 1 is sensed on any of the Wi/IOi pins, their corresponding write circuits 
will remain enabled so that new data is written. The truth table of the write-per-bit 
function is shown in table 2. 



Table 2: Truth table for write-per-bit function 



At the falling edge of RAS 


Function 


CAS 


DT/OE 


WB/WE 


Wi/IOi (i=1^4) 


H 


H 


H 


* 


Write Enable 


H 


H 


L 


1 



Write Enable 
Write Mask 



An example of the write-per-bit function illustrating its application to displays 
is shown in figures 2 and 3. 



Figure 2: write-per-bit timing cycle 



Figure 3: corresponding bit-map 
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RASTER OPERATION 

The TC524257P/Z/J features a logic function which provides 16 modes of raster op- 
eration. The desired logic function mode is selected during the raster operation 
set-up cycle and remains in effect until another selection is made. During raster 
operation, the TC524257P/Z/J performs internal logic operations when data is written 
through the RAM port. As shown in figure 4, the result (fj) of the logic operation, 
between the input data and the data residing in the accessed memory location is 
stored back in the accessed memory location. 



Mn ■«- f j (Mn, Dn) 

f j : Logic Operation (j=0^15) 

Mn: Destination Cell Data 

Dn: Source Input Data 

n: Number of W/IO 




Operation Code 
AX0~ AX3 



Mask Data 
WM2 



Figure 4: block diagram of raster operation 



The row address inputs AXO thru AX3 are used as operation code input signals in 
the raster operation set-up cycle. 

Table 3 lists the operation assigned to the sixteen logic function modes. 

Table 3: Truth table of raster operation 



Operation Code 


Symbol 


Operation 


Note 


Operation Code 


Symbol 


Operation 


Note 


AX3 


AX2 


AX1 


AXO 


AX3 


AX2 


AX1 


AXO 














ZERO 





*1 


1 











NOR 




±2 


Dn + Mn 











1 


AND1 


Dn • Mn 


*2 


1 








1 


ENOR 


Dn©Mn 


*2 








1 





AND 2 


Dn • Mn 


*2 


1 





1 





INV1 


Dn 


*1 








1 


1 


INHIBIT 


Mn 


*2 


1 





1 


1 


0R2 


Dn + Mn 


*2 





1 








AND3 


Dn • Mn 


*2 


1 


1 








INV2 


Mn 


*2 





1 





1 


*3THR0UGH 


Dn 


*1 


1 


1 





1 


0R3 


Dn+Mn" 


*2 





1 


1 





EOR 


Dn©Mn 


*2 


1 


1 


1 





NAND 




*2 


Dn • Mn 





1 


1 


1 


0R1 


Dn+Mn 


*2 


1 


1 


1 


1 


ONE 


1 


*1 



Note: "1 Normal write cycle timing is applied. 

*2 Raster operation write cycle timing must be applied. 

*3 The 'THROUGH' operation mode allows input data to be written directly into 

the selected memory location without raster operation. Therefore, 'THROUGH' 

is used to reset the raster operation. 
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Figure 5: Raster operation set-up cycle 
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Figure 5 shows the timing diagram for the raster operation set-up cycle. 

Both CAS and WB/WE must be low at the falling edge of RAS. At this point, the 
operation code specified by row addresses AXO thru AX3 determines the logic function 
to be performed and the mask data is latched into the write-mask register WM2. 
The logic function and mask data specified during the raster operation set-up cycle 
will remain in effect during all subsequent raster operation cycles, till another 
raster operation set-up cycle is executed to change the logic operation mode and mask 
data. 

When the 'THROUGH 1 operation mode is selected, a logic operation is not per- 
formed but the mask data specified during the raster operation set-up cycle remains 
in effect during all subsequent raster operation cycles (persistent write per bit 
function). 

Figure 6 shows an example of raster operation cycles with a write-per-bit cycle 
mixed in the sequence. During the write-per-bit cycle, the raster operation is 
inhibited and the mask data in register WM1 is used while the mask data in register 
WM2 is ignored. In the subsequent raster operation page mode cycle, the raster op- 
eration is reactivated and the mask data in register WM2 is used again. 
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Figure 6: Example of raster operation 
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TRANSFER OPERATION 

The TC524257P/Z/J features bi-directional transfer capability from RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4~bits of data from one 
port into the other. During a transfer cycle, RAM port and SAM port operations are 
restricted. 

There are three types of transfer operations: read transfer, write transfer and 
pseudo-write transfer. As shown in table 4, the type of transfer operation is deter- 
mined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 

Table 4: Truth table of transfer operation 



At the falling edge of RAS 




Transfer 
direction 


CAS 


DT/OE 


WB/WE 


SE 


H 


L 


H 


* 


Read/real-time read transfer cycle 


RAM+ SAM 


H 


L 


L 


L 


Write-transf er cycle 


SAM -* RAM 


H 


L 


L 


H 


Pseudo-write transfer cycle 


- 



*: high or low 



READ-TRANSFER CYCLE 



A read-transfer consists of loading a selected row of data from the RAM array into 
the SAM register. A read-transfer is accomplished by holding CAS high, DT/OE low and 
WB/WE high at the falling edge of RAS. The row address selected at the falling edge 
of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 

When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com- 
pleted at the rising edge of DT"/OE and becomes valid on the SIO lines after the speci- 
fied access time tgrjA from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 7). 

Figure 7: block diagram of RAM port and SAM port during read transfer 
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In a read-transfer cycle (which is preceded by a write-transf er cycle), the SC 
clock must be held at a constant Vil or Vih, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay txsD from the rising edge of DT/OE (refer to Figure 8). 

Figure 8: Read-transfer cycle (preceded by a write-transf er cycle) 
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In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO lines until the specified t^Q^ 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any timing loss. To make this continuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC 
(refer to Figure 9). 

Figure 9: Real-time read transfer cycle 



r 



f 



A0-A8 
WB/WE 
DT/OE 
SC 



DC 



SAM Start 



yMMMMMM 




3101— S 104 V DATA-OUT V DATA-OUT Y^ 



Previous ROW 



- B-73 - 



TC524257P/Z/J-10, TC524257P/Z/J-12 



WRITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row of the RAM array. A write-transfer is accomplished by CAS high, 
Df/OE low, WB/WE low and SE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is completed, 
the SIO lines are in the input mode so that serial data synchronized with SC can be 
loaded. 

When two consecutive write-transfer operations are performed, there is a delay in 
availability between the last bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant' Vjl or Vjfj after the SC precharge 
time tg^-has seen satisfied, a rising edge of the SC clock until after a specified 
delay tgRD from the rising edge of RAS (refer to figure 10). 

Figure 10: Write-transfer cycle 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transf er cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transf er is accomplished by holding CAS high, DT/OE 
low, WB/WE low and $E high at the falling edge of RAS. The pseudo-write-transf er 
cycle must be performed after a read-transfer cycle if the subsequent operation is a 
write-transf er cycle. 

There is a timing delay associated with the switching of the SIO lines from serial 
output mode to serial input mode. During this period, the SC clock must be held at a 
constant Vjl or Vjh after the tgc precharge time has been satisfied. A rising edge of 
the SC clock must not occur until after the specified delay tgRD from the rising edge 
of RAS (refer to Figure 11). 

Figure 11: Pseudo-write-transf er cycle 
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SAM PORT OPERATION 



The TC524257P/Z/J is provided with a 512-word by 4-bit serial access memory(SAM). 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans- 
fer operation determines the direction of data flow through the SAM registers. 



Data may be read out of the SAM port after a read-transfer cycle (RAM^ SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512- 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are configured 
as circular data registers. The data is shifted out sequentially starting from the 
selected tap location to the most significant bit. and then wraps around to the least 
significant bit. 



I I MT 



T 



IZ1 



T 

-510 - 



_H 



Tap location determined by 
column address of read-transfer 
cycle. 



Subsequent real-time-read-transf er may be performed on-the~fly as many times as 
desired within the refresh constrainst of the DRAM memory array. 

A pseudo-write-transf er cycle must be performed in order to wr ite data into the 
SAM port. This cycle switches the SAM port operation from output mode to inpjt mode* 
Data is not transferred during a pseudo-write-transf er cycle. A write-transf er cycle 
(SAM -► RAM) may then be performed. The data in the SAM registers is loaded into the 
RAM row selected by the row address at the tailing edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge ^: .AS. 



Table 5: Truth table for SAM operation 



Preceding 

Transfer 

Cycle 


SAM port 
operation 


DT/OE (at the 
falling id go 
of RAS> 


i ~ • 

SC 


L.-L 


Function 


read- 
transf er 


OlU j'Qt 

mode 


H* 


JL 


L 


enable serial read 


H 


disable serial read 


write- 
transf er 


serial 

input 

mode 


JT 


L 


enable serial write 


H 


disable serial write 



* When simultaneous operation are being performed on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
trasnfer cycle. 
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SERIAL CLOCK (SC) 

All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial-read, 
the output data becomes valid on the SIO pins after the maximum specified serial ac- 
cess time tgcA from the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi- 
cant address location (decimal 511) » the next SC clock will place it at the least 
significant address location (decimal 0). 

SERIAL ENABLE (SE) 

The SE input is used to enable serial access operation. In a serial-read cycle, 
SE is used as an output control. In a serial -write cycle, SE is used as a write enable 
control. When SE is high, serial access is disabled, however, the serial address 
pointer location is still incremented when SC is clocked even when SE is high. 

SERIAL INPUT/OUTPUT (SI01 i SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is performed, 
the SAM port operation is switched from output mode to input mode. 

During subsequent write-transf er cycle, the SAM port remains in the input mode. 



REFRESH 



The SAM data registers are static flip-flops therefore a refresh is not required. 
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TIMING WAVEFORMS 
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WRITE CYCLE (EARLY WRITE) 



'IH 



WB/WE 



DT/OE 



Wl/IOl 




^OH 



vol 



Don't Care 



- B-79 



TC524257P/Z/J-10, TC524257P/Z/J-12 



WRITE CYCLE (OE CONTROLLED WRITE) 
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READ-WTITE/READ-MODIFY-WRITE CYCLE 
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PAGE MODE READ CYCLE 
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PAGE MODE WRITE CYCLE (EARLY WRITE) 
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PAGE MODE READ-MOD IF Y-WRITE CYCLE 



tRASP 



nn • 



t RAH, 



It 



X 



. X CAR_ 



COLUMN 
DDRES3 



V IH- \; c =F7 

WB/WE X WPB / 
V IL- A / 



Vtu - 

DT/OE iH 



^IL- 



r 

Wl/IOl 

\ 
W4/I04 



IN 



t THH 



:::« 



DZO 



L PRWC 



** 



t ASG 



t CWD 



t RWD 



\y 



:u 



vol — 



<> 



^AS 



fCP 



COLUMN 
ADDRESS 



C DZC 



:# 



w- 



W 



W 



t QEZ VALID 

DATA-IN 



W 



VALID 
DATA-OUT 



^ED 



I^OEA 



t RP 



Z 1 



COLUMN 
ADDRESS 



OCDO 



7 



tRWL . 



^/ 



w 



tDZO 



t CAC 



tQEZ VALID 



UxJ 



tDS 



^ED 



1^0 E A 



DCv 



foEZ VALID 
tCAC F— H DATA-IN 



Q 



■\ 



VALID 
DATA-OUT 



VALID 
DATA-OUT 



Don't Care 
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RAS ONLY REFRESH CYCLE 



TG524257P/Z/J-10, TC524257P/Z/J-12 



'IH ■ 

:/ IL • 



7 IL • 



DT/OE 



ASR L RAH 



ROW 
ADDRESS 



t RPC t CRP 



\ 




wvioi Vqh . 

W4/I04 V ° L " 



Don't Care 
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CAS BEFORE RAS REFRESH CYCLE 



vth 



WB/WE 



Wl/IOl Vqh 
I 

W 4/1 04 V OL 




Note: A0^A8=Don't Care 



foon't Care 
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TC524257 P/Z/J-10, TC524257P/Z/ J-1 2 



HIDDEN REFRESH CYCLE 



VlK 



l j— ~ 



VlL 



J 




ROW 
ADDRESS 



\ 



' COLUMN 
ADDRESS 



) ! j^ 



I ! I 



WL-'IOl w 
V.-L l< ; V 0L 



V 



;e:: 
off 



> 



X 



r\ 




K 






i 



/ 



/ 



<. 



VALID DATA-T/JT 



> 



/AYjDon't Care 
XxXflj 
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REAL TIME READ TRANSFER CYCLE 



__ _ V IH 
WB/WE 



— x — V IH 

DT/OE 

V IL 



wi/ioi Vqh 

W4/I04 V OL 



V IL 



SIOl IL 

I 

SI04 

Lqitt 0H 




I DC 



\j^ ^f^r^j~\j~ 



"tSOH 



VALID 
DATA-OUT 




VALID \/" 

DATA-OUT X 



VALID V VALID 
DATA-OUT A DATA-OUT 



VALID 
DATA-OUT 




VALID 
DATA-OUT 



X 



Note: SE=Vjl 



Previous Row Data 



- New Row Data 



Don't Care 
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READ TRANSFER CYCLE (Previous transfer is write transfer) 

t RG. 



VlH" 



\ 



CAS 



/ 



_ X CBP_ 



tRAS 



X AR 



= ^: 



ROW 
ADDRESS 



__ v IH - 

WB/ WE 

VlL- 



V T H " 

CT/OE 



wvioi Vn 



W4/I04 V OL ■ 



^TLS 




> 



tRSH 



^CAS 



SAM STAHT 
A DDRES S 



"tCPN 



^Z? 



L 




tTSD 



SIOl 
SI04 



N VlH \T VALID 

V IL _ /^ATA-I1 




ibit Rising Traneie 



nt \ 




1 _ °5CC 



I 



C VALID =3 v/ 
DATA-OUT A 



Note: SE=Vil 



Don't Care 
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WRITE TRANSFER CYCLE 



/ 



t CRP 



^ASR 



ROW 
ADDRESS 



WFV'WE 



DT/OE 



\ 



tWSR 



V IH 



W4/T04 v OL 



"> 



i 



V 



VlL 



SIOl 

\ 

SI04 



X VALID 
DATA-U 



Previous 
Row Data"" 



L OUT 



v OH 



*AR 



"^CSH 



^ 



SAM START 
ADDRESS 



tRSH 



/ \ 



Y 



OPEN 



Inhibit !-!■;! ng Transient 



OPEN - 



t SCP 



U SDS 



_ -i 



zsm. 



VALID 
DATA- I Is 



iJQx 



VBLID 
DATA-IN 



New Row Data 



ra D -' 



t Care 
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PSEUDO WRITE TRANSFER CYCLE 




Serial 

Output Mode"™"" | 



Serial 
Input Mode 



fffl Don't Care 
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TC524257P/Z/J-10, TC524257P/Z/J-12 



SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 

VlH— 



RAS 



V IL • 



— y — V IH' 
DT/OE 



V IH 



\ 



J 



7 X 



~Y 




SIOI 

s 

SI04 



IN 



'f~X 



<J 



f-^Q^t^ 



Y 



V VALID J y U VALID ^ f VALID \* VALID \* 

yy DATA-OUT_/\ DATA-OUT/ \_ DATA-OUT fl r DATA-OUT J\ . 



VALID 
DATA-OUT 



Don't Care 



SERIAL READ CYCLE (SE=V IL ) 



V IL- 



V ru • 

DT/OE 




/ 



SIOI V n 



VALID 
DATA-OUT 



t SCA . t SCA t SCA t SOA t SCA 

ZX 



3 V/ U VALID ^\j U VALID 3 \/ VALID ^ VALID ^^ 

_/\ DATA-OUT /^ DATA-OUT /\ DATA-OUT ^_ DATA-OUT _ /\ I 



VALID 
DATA-OUT 



Note: SE=V 



IL 



M] ™' 



t Care 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE) 



PAS 



V IL 



V IL ' 



SIOl 

s 

SI04 



^HS 



y 



ft 



^ 




\ 



y 



^S 



7 




^SEP 



^SWIH 



VALID 
DATA-IN 



* SWH , L SWIS 



J7- l N p^|/ 



'SEP 



JSWIH. 



VALID 
DATA - IN 



t SE „ 1 C IT _ 




VALID 
DATA-IN 



Don ! t Care 



SERIAL WRITE CYCLE (SE^Vjl) 



V IH ■ 



DT/OE 



v OH 



tscc 



r THS ^THH^j 



t SDK t SDS 



\ t scp _ l~ "j .^scp.-.c — -i ^scp - l j L^scp, -E- — J_ ^ 
3 u uTon 



W" VALID "v/V" VALID ""\/\t VALID J ^/\7" VALID 
^^ .DATA-IN _\/\^ DATA-IN __ ^\/\, DA TA - 1 N ^ (^^ _ DA T A- 1 N 



'SDH L SDS 



/ 




Note: SE=Vil 



Don't Care 
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RASTER OPERATION SET-UP CYCLE 



j 



ViH 

DV'OE 

V IL 



Wl/IOl 
\ 

W4/I04 



VlL 



VOH 



tRP 



"tRPC 



\ 



I 



t CPiN t CSR 




"tASR 



t RC 



t CHR 



"tRAH 



OPERATIOl^ 
CODE AX0~AX3 



%SR 



d_ 



MASK DATA 
WM2 



> 



Note: A4^A8 Don't Care 



Don't Care 
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RASTER OPERATION WRITE CYCLE (EARLY WRITE) 



wi/xoi 
s 

W4/I04 




Don f t Care 
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RASTER OPERATION WRITE CYCLE (OE CONTROLLED WRITE) 



J lh 



ViH 




. V IH 

WB/WE 

Vtt, 



V T u 

DT/OE 

Vtt. 



ViH 



W1/I01 



W4/I04 



"^FRAS 



tFCHS 



t RCD 



ROW 
ADDRESS 



tjVSR 



lixaa. 



r FRSH 



C FCAS 



COLUMN 
ADDRESS 



\ 



\ 



~\ 



\ry \ 



"^FCWL 1 



t WP 



"tQEH 



t DS t DH 



VALID 
DATA-IN 



Don't Care 
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RASTER OPERATION READ-WRITE/READ-MODIFY-WRITE CYCLE 



<IL- 



- V T u - 

DT/ OE 



Wl/IOl 

s 

WV'I04 



/ IH - 



V OL- 



"tFRWC 



\ 



X AR 



"•^FCSH 



ROW 

ADDRESS 



^ 



^AH 



COLUMN 
ADDRESS 



"CDZO 



t PRSH 



^CAS 



%P 



7 



> 



"tCAC 



"tOEA 



% 



t PCWL 



- ^FRWL. 



Pwp 



VALID ' 
DATA-IN 



J VALID V 

^ DATA-OUT ^f 




TV 



m*™' 



t Care 
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RASTER OPERATION PAGE MODE WRITE CYCLE 



t FRAS 



WB/WE 



__ ,_ V IH 



DT/OE 



WJ/IOl 
W4/I04 




v OH 
V 0L 



Don't Care 
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OUTLINE DRAWINGS 



Plastic DIP 



28 



; 



Unit in mm 





Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No. 28 leads. 
All dimensions are in millimeters. 
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Plastic ZIP 



3fi2±0.2 




Unit in mm 

3,05 MAX. 











/ 




a 
d 

-H 
o 

H 


CO 
c5 


i 








" 






CO • 

C> 

-H 



0.935MAX. 



0.25 -Q05 



1 3 5 7 9 11 13 15 17 19 21 23 25 27 



f^ff^A^AV^ 



inru 



6 8 10 12 14 16 18 20 22 24 26 28 



ZIP28-P-400 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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Plastic SOJ 



Unit in mm 



2 1.0 ±0.2 



32 17 




nnnnnnnnnnnnnnnn" 








w 


N 






d 


d 






-H 


-H 






c\? 


lO 






d 


r-\ 






«H 




j 






1 


JULIUUUULJUUUU1JLJL1 LX 




16 









SOJ32-P-400 



Note: Each lead pitch is 1.27mm 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 



DESCRIPTION 



The THM81000AS is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pes of TC511000AJ on the printed circuit board. 

The THM81000AS is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 



FEATURES 



1,048,576 words by 8 bits organization 
Fast access time 





THM81000AS/AL, THM81020AL 


-70 


-80 


-10 


tRAC RAS Access Time 


70ns 


80ns 


100ns 


fc AA Column Address Access Time 


35ns 


40ns 


50ns 


C CAC CAS Access Time 


20ns 


20ns 


25ns 


t RC Cycle Time 


130ns 


150ns 


180ns 


tpc Fast Page Mode Cycle Time 


40ns 


45ns 


55ns 



Single power supply of 5V±10% 

Low power 3520mW MAX. Operating (THM81000AS/AL-70, THM81020AL-70) 
3080mW MAX. Operating (THM81000AS/AL-80, THM81020AL-S0) 
2640mW MAX. Operating (THM81000AS/AL-10, THM81020AL-10) 

44mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 



[PIN CONNECTION! (TOP VIEW) 



THM81000AS 



THM81000AL THM81020AL 






1 

] 



[PIN NAMES 




A0~A9 


Address Inputs 


DQO ^DQ7 


Data Input/Outputs 


CAS 


Column Address Strobe 


RAS 


Row Address Strobe 


W~ 


Read/Write Input 


vec 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 
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BLOCK DIAGRAM 



DQO O 1 



DQIO- 



DQ2Q 1 



DQ3Q- 



AO ~A9 



rV 



D Q 

A0-A9 

RAS 

CAS 



WRITE 



-c 



D 

A0-A9 
RAS 
CAS 



WRITE 



D 

A0-A9 
RAS 
CAS 



WRITE 



LA 



D 

A0-A.9 
RAS 
CAS 



WRITE 



RAS O- 
CAS O- 
WRITE O- 



V CC 
V S S 



DQ40 1 



DQ5 o- 



DQ6Q- 



DQ7Q *• 



F> 



D Qh 

A0-A9 

RAS 
CAS 



WRITE 



£> 



D Q 

A0-A9 

RAS 

CAS 



WRITE 



^> 



D 

A0-A9 

RAS 

CAS 



WRITE 



D 

A0-A9 
RAS 
CAS 



WRITE 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-1.0 0,7.0 


V 


1 


Output Voltage 


V OUT 


-1.0 o,7.0 


V 


1 


Power Supply Voltage 


v C c 


-1.0 o,7.0 


V 


I 


Operating Temperature 


T OPR 


<\,70 


°c 


1 


Storage Temperature 


T STG 


-55 o,125 


°c 


1 


Soldering Temperature • Time 


TSOLDER 


260 . 10 


°C ' sec 


1 


Power Dissipation 


P D 


4.8 


W 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta-0 'WO'c) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0 o,70° 


O 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I cci 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling; tRC=tRC MIN.) 


THMxxxxxx-70 


- 


640 


mA 


3, 4 


THMxxxxxx-80 


- 


560 


THMxxxxxx-10 




480 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

CRAS=CAS=Vih) 


- 


16 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=Vth: tRC =t RC MIN.) 


THMxxxxxx-70 


- 


640 


mA 


3 


THMxxxxxx-80 


- 


560 


THMxxxxxx_X0 


- 


480 


TCC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

RAS*=V IL , CAS Address Cycling: t pc =t pc MIN.) 


THMxxxxxx-70 


- 


480 


mA 


3,4 


THMxxxxxx-80 


- 


400 


THMxxxxxx-10 


- 


320 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VCC-0.2V) 


- 


8 


mA 




*CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: t RC =t RC MIN.) 


THMxxxxxx-70 


- 


640 


mA 


3 


THMxxxxxx-80 


- 


560 


THMxxxxxx-10 


- 


480 


I I(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V <V IN ^6.5V, All Other Pins not under Test=0V) 


-80 


80 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(D UT is disabled, 0V < V 0UT < 5.5V) 


-20 


20 


PA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (IOUT=-5mA) 


2.4 


- 


V 




V OL 


OUTPUT LEVEL 

Output "L" Level Voltage (I oUT =4. 2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c=5V+10%, Ta=0^70°C) (Notes 5, 



6, 7) 



SYMBOL 


PARAMETER 


THM81000AS/AL, THM81020AL 


UNIT 


NOTES 


-70 


-80 


-10 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Random Read or Write Cycle Time 


130 


- 


150 


- 


180 


- 


ns 




C PC 


Fast Page Mode Cycle Time 


40 




45 


- 


55 


- 


ns 




t RAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


C AA 


Access Time from Column Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


tCPA 


Access Time from CAS Precharge 


- 


35 


- 


40 


- 


50 


ns 


8 


t CLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


1 OFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


z RP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


70 


10,0 00 


80 


10,000 


100 


10,000 


ns 




t RASP 


RAS Pulse Width (Fast Page Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




tRSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




C CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10.000 


ns 




l RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


t~.~ 

JCUUJ 


RAS to Column Address Delay 
Time 


15 


35 


15 


40 


20 


50 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




11 CP 


CAS Precharge Time (Fast Page 
Mode) 


10 


- 


10 


- 


10 


- 


ns 




^SR 


Row Address Set-Up Time 





- 





- 





- 


ns 




t RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




'ar 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t RAL 


Column Address to RAS Lead Time 


35 


- 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


THM81000AS/AL, THM81020AL 


UNITS 


NOTES 


-70 


-80 


-10 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




t RWL 


Write Command to RAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




t CWL 


Write Command to CAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




fc DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


t DH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced 
to RAS 


55 


- 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




twcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


t CSR 


CAS Set-Up Time (CAS before 
RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time (CAS before 
RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




t RPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




t cpT 


CAS Precharge Time (CAS before. 
RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




C CPN 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 





CAPACITANCE (V CC =5V±10%, f-lMHz, Ta-0 ~70°C) 








SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A9, W", CAS, RAS) 


- 


60 


P F 


C DQ 


I/O Capacitance (DQ0^DQ7) 


- 


15 


pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vsg. 

3 - I CC1 > I CC3» I CC4> ICC6 depend on cycle rate. 

^» *CC^ *CC4> depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal re fresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^-Sns. 

7. Vj^Onin.) and VxL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl- 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max «) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^H or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycs is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If twcs^WCsCmi 11 *) > tne cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tRQ)(max.) limit insures that tj^c(max.) can be met. 
tR£ D (max.) is specified as a reference point only: If tRCD is greater than 
the specified t RCD (max.) limit, then access time is controlled by tcAC- 

14. Operation within the tj^])(max.) limit insures that tp^Gnax.) can be met. 
tj^Gnax.) is specified as a reference point only: If tR^D is greater than 
the specified tj^Gnax.) limit, then access time is controlled by t^. 
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READ CYCLE 



THM81000AS/AL-70, 80,10 
THM8102QAL-70, 80, 10 



'IH 



\ 



l CRP 



CAS 



VlH — ' 
ViL- 



l ASR 



AO-0 9 



V IH 
VlL 



L RC 



U RAS 



/ 



tcSH 



l RCD 



\X Z 



V AR 



& RAD 



''RAH 



ROW 



l CAS 



l CRP 



l CAH 



m : »"-» W /, 



RAL 



tRCS 



WHITE 



Z--WMMMW 



DQO-DQ7 



VOH 



'IL~ 



t RRH 



*CLZ 



• OPEN 



RCH 



tQFF 



VALID DATA-OUT 



3- 



Y//A : "H" or "L" 
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EARLY WRITE CYCLE 



RAS 



'IH — 



'IL 



\. 



tCRP 



CAS 



A0-A9 



'IH — " 



VlH 



'IL — 



l RAS 



U RCD 



t CSH 



C RAD 



l RAH 



ROW 



l ASC 



■-RSH 



'-CAS 



\ . / 7 



'RAL 



l CAH 



COLUMN 



l WCR 



WRITE 



I IH -W//////////////M 



DQ0-DQ7 



VlH— J 



'IL 



CWL 



twCH 



4 WP 



U RP 



L CRP 



m 



V7MMMM777, 

■ j u u / 1 n u ( i ( ( / ( ( i n ( ( ( ( 




VJTA : "H" or "L" 
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FAST PAGE MODE READ CYCLE 



RAS 



l CRP 



CAS 



VlH- 



A0-A9 



'IL . 



VlH 



'IL' 



V IH 



WRITE 



'IL" 



DQ0-DQ7 



VOH — 

Vol™" 



tRASP 



J V 



l CSH 



^RCD 



^ 



RAH l ASC 



ROW 



l KAD 



J: 



¥ 



'CAS 



^CAH 



COL 



^RAC 



l CLZ 



l CP 



C ASC 



^RCH 



CAC 



l PC 



%_J' 



[ CAS *CP 



'CAH 



COL 




l CPA 



> 



'OFF 



VALID 
DATA-OUT 



m'j^M 



'CAC 



^ 



l RSH 



''CAS 



CAH 



l RCS 



W 



l CPA 



t OFF 



'CLZ 



*RP 



& CRP 



'CAC 



Krrh 



l RCH 



) 



VALID 
DATA-OUT 



*OFF 



C CLZ 



VALID 
DATA-OUT 



P777J : "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



RAS 



CAS 



A0-A9 



WRITE 



DQ0-DQ7 

















t 


RASP 












_^j tRP 




>,- 


^CRP 




Vtt — 


\ 






l PC 




tRSH 




t CRP 


l RCD t CA c 


> . l CP 


tCAS l CP 


\\ 


^CAS r 

i 




MH~ I 




r 






t- 








Vp. / 


Ur 


KN 


tASC 


W 


/ ' 


/ 














tRAL 




t^ASR 


t RAH t ASC 




t 


t-CAH 






tCAH 










*" 






CAH 

M- 






tASC 






tr 


WM 




m 








Z'JM 


ROW 


Ji l J 


cot IK 


: ™jw/////////// f . 






t 


RAD 


























t WC 


:r 


HvCS 


%CH 






%cs 


t WP 


t WCH 


i//k 


twp 




twcs, 


tWCH 

twp 




„ 








- 








Z J/////////////M 


*r 




T< 


m 


r 




—mm/////, 




1 
t DS 




t DS 




1 


tDS 




t_„ 






^ltty 




*DH 


m 






, DH 




l::l»ffl 


VALID IMA- IN ) 


m 


&LID mJA-JJs 


VALID mXA-W 


■i 






tDHR 



















VTA : "H" or "L" 
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RAS ONLY REFRESH CYCLE 
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RAS 



VlH— * 



'IL 



\ 



l CBP 



CAS 



A0-A8 



'IL- 



VlH — 



'IL 



t ASR 



^RAH 



ROW 



l RC 



7 



t RP 



L RPC 



'IL 



"H" or "L" 



Note: WRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 



RAS 



'IH 



IL — . 



CAS 



DQ0-DQ7 



'IH 



'IL 



v OH 
VOL 



, tRPC 



l CSR 



U RC 



l RAS 



^CHR 



J tRp \ 



tQFF 



> 



OPEN 



1 



\777J[ : "H" or "L" 



Note: WRTTF.= f, H" or "L" AG ^ A G >= ,I H" c^ " T " 
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HIDDEN REFRESH CYCLE (READ) 



RAS 






\ 



CAS 






A0-A9 



'IH 



"IL- 



RAH 



l RC 



'RAS 



/ \ 



l RCD 



'-RAD 



l AR 



ROW 



WRITE 



Z-M 



DQ0-DQ7 



v OH — 

Vol — " 



l A S C , 



L RCS 



w 



*RSH 



-RAL 



l CAH 



COL 



umn j /H/ 



V RP 



D RAC 



l CLZ 



/ 



tRAS 



l CHR 



l CAC 



VALID DATA-OUT 



./ 



muiuii 



mm 



tQFF 



YI7A : " H " or " L " 
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HIDDEN REFRESH CYCLE (WRITE) 



RAS 



V IH 
VlL 



\ 



l CRP 



CAS 



VlH— ■ 
V IL— . 



A0-A9 



VlH' 
VlL- 



^RAS 



/ \ 



*AR 



tRAD 



l ASC 



'RAH 



ROW 



l RAD 



U RAL 



l CAH_ 



COLUMN 



*WCR 



WRITE 



Vih—7 



,J»Jmt ,< II ( I ( ( U (,(.,(' 



t twc^ 



DQ0-DQ7 



v ih— 77 

VlL' 



'DS 



RWL 



*WCH 



*RAS 



f 



l CHR 



/ 



W//////////////M////////////////, 

■ i ( ( t i ( 1 1 1 1 ( 1 1 1 1 1 ( 1 1 1 ( i 7 7 1 7 1 1 II ( 7 7 7 7 7 7 



C DH 



^■E^l 



^DHR 



1777/1 : "H" or "L" 



— C-16 — 



THM81000AS/AL-70, 80,10 
THM8102OAL-7O, 80, 10 



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



CAS 



A0-A9 



VlH— " 



'IL- 



'IH — 



V,H-7 



^RAS 



*CHR J" i - 

zzy \ 



f////iL COLUMN 



l ASC 




l CAS 



l CAH 



7 



RP , 




22] : "H" or "L" 
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OUTLINE DRAWINGS 
• THM81000AS 



88.90±0.13 



75.95 MAX. 



Unit: mm 



03.18±O.O5 



■e 



1 



UnDDDDDDDDDDDDDDDDDDDDDDDnDDaD 



82.1 4±0.3 




5.0 8MAX. 



THM81000AL 




5.0 8 MAX. 



0.2 5± 0.1 5 
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OUTLINE DRAWINGS 
• THM81020AL 
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Unit: mm 



THE FRONT SIDE 
8 2.1 4±0.1 3 




8.8 9 MAX. 



1 



THE BACK SIDE 
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TOSHIBA MOS MEMORY PRODUCTS 
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IDESCRIPTK 



The THM91000AS/AL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 

9 pes of TC511000AJ on the printed circuit board. 

The THM91000AS/AL is optimized for application to the systems which are required 

high density and large capacity such as main memory of the computers and an image 

memory systems, and to the others which are requested compact size. 

IFEATURESI 



1,048,576 words by 9 bits organization 






Fast access time 


THM91000AS/AL,THM91020AL 




-70 


-80 


-10 


C RAC RAS Access Time 


70 ns 


80 ns 


100 ns 


*"AA Column Address Access Time 


35 ns 


40 ns 


50 ns 


t CAC CAS Access Time 


20 ns 


20 ns 


25 ns 


t RC Cycle Time 


130 ns 


150 ns 


180 ns 


tpC Fast Page Mode Cycle Time 


40 ns 


45 ns 


55 ns 



Single power supply of 5V±10% 

Lower power 3960mW MAX. Operating (THM91000AS/AL-70, THM91020AL-70) 
3465mW MAX. Operating (THM91000AS/AL-80, THM91020AL-80) 
2970mW MAX. Operating (THM91000AS/AL-10, THM91020AL-10) 

49.5mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability 

All inputs and outputs TTL compatible 

512 refresh cycles/8ms 



[PIN CONNECTIONl 
(TOP VIEW) THM91000AS 



THM91000AL 



THM91020AL 



vec 

CAS 

DQ0 

A0 

Al 

DQ1 

A2 

A3 

VSS 

DQ2 

A4 

A5 

DQ3 

A6 

A7 

DQ4 

A8 

A9 

N.C. 

& Q5 

VSS 
DQ6 
N.C. 
DQ7 

RA5 i 
CA^8* * 
D8 
VCC 



(2) 
(3) 
(4) 

ffi) 


D 

o 


^ o 








o 
o 






n 


ZZn~" 


""""" 


(V 


D 
D 




iO) 




IZZ11 


*■— *-" 


12) 


a 
n 






n 


UVIUUU 


„„„„„ 


15) 
16) 


D 

a 




IV ) 


u 






18) 
19) 
20 ) 


a 
a 










21) 
22) 
23) 


a 

D 




24 I 


D 


«£X«X 


ZZ""Z 


25) 
26) 


a 
a 




27) 


u 

i 


•-""* ** 


*"**""* 


29) 
30) 








o 





u 



! |PIN NAMES I 



A0^ A9 


Address Inputs 


DQ0 ^ DQ7 


Data Input/Outputs 


D8 


Data Input 


Q8 


Data Output 


CAS 


Column Address Strobe 


RAS 


Row Address Strobe 


W 


Read /Write Input 




Column Address Strobe 


CAS 8 


V CC 


Power (+5V) 


v S s 


Ground 


N.C. 


No Connection 
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BLOCK DIAGRAM 



DQO o- 



DQ1 o- 



DQ2o- 



DQ3o — *- 



A0~A9 C 



RAS o- 
CAS" O- 
CAS8" o- 
WRITE o- 



V C C 



n^> 



D Q 

A0-A9 

CAST 

write 



Hh 



P 



D 
A0-A9 

CAS~ 

Write 



Hh' 



£ 



D 

A0~A9 
RAS~ 



L_„i HH 






/ 0-A9 

raT 

cas~ 



<: WRITE 



Hh- 



DQ4 q~ 



DQ5 o— ► 



DQ6 o 1 



DQ7 o- 



D8 o- 






A0~A9 
RAS 

CAS~ 



WRITE 



Hh-» 



r 



#' 



D Q 

A0~AS 
RAS" 
CAS 
WRTTT 



Hh- 



F> 






D Q 

A0-A9 
RAS- 
CAL 



WRITE 



Hh' 



£> 



D Q 

A0-A9 

RAS" 
"CA3* 



WRITE 



Li^ 



HH 



D 

A0-A9 

RAS" 

CAS" 

WRITE 



HH' 



>Q8 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


V IN 


-l.O'W.O 


V 




Output Voltage 


v OUT 


-l.O'W.O 


V 




Power Supply Voltage 


v C c 


-l.O'W.O 


V 




Operating Temperature 


T OPR 


O'WO 


°c 




Storage Temperature 


T STG 


-55^125 


°C 




Soldering Temperature • Time 


T SOLDER 


260* 10 


°C • sec 




Power Dissipation 


?D 


5.4 


W 




Short Circuit Output Current 


L OUT 


50 


rnA 





RECOMMENDED DC OPERATING CONDITIONS (Ta=0W0°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


v C c 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V C c=5V±10%, Ta=0-W0 


'« 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC=tRC MIN.) 


THMxxxxxx-70 


- 


720 


mA 


3, 4 


THMxxxxxx-80 


- 


630 


THMxxxxxx-lO 


- 


540 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


18 


mA 




I CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vir: tRC=tRC MIN.) 


THMxxxxxx-70 


- 


720 


mA 


3 


THMxxxxxx-80 


- 


630 


THMxxxxxx-10 


- 


540 


X CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=Vil, CAS Address Cycling: tpc=^PC MIN.) 


THMxxxxxx-70 


- 


540 


mA 


3, 4 


THMxxxxxx-80 


- 


450 


THMxxxxxx-10 


- 


360 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS«V C C-0.2V) 


- 


9 


mA 




I CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRC =t RC MIN.) 


THMxxxxxx-70 


• 


720 


mA 


3 


THMxxxxxx-80 


- 


630 


THMxxxxxx-10 


- 


540 


I KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V^ Vi N < 6.5V, All Other Pins not under Test=0V) 


-90 


90 


MA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVi VouT < 5.5V) 


-20 


20 


UA 




VOH 


OUTPUT LEVEL 

Output "H" Level Voltage (IOUT=5-mA) 


2.4 


- 


V 




V OL 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0<WO°C) (Notes 



5, 6, 7) 



SYMBOL 


PARAMETER 


THM91Q00AS/AL,THM91020AL 


UNIT 


NOTES 


-70 


-80 


-10 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle 
Time 


130 


- 


150 


- 


180 


- 


ns 




t PC 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tRAC 


Access Time from RAS 


_ 


70 


«_ 


80 


_ 


100 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


1 AA 


Access Time from Column 
Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


t CPA 


Access Time from CAS 
Precharge 


- 


35 


- 


40 


- 


50 


ns 


8 


tCLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


t OFF 


Output Buffer Turn-off Dealy 





20 





20 





20 


ns 


9 


t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tRP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




C RAS 


RAS Pulse Width 


70 


10,000 


80 1 


10,000 


100 


10,000 


ns 




t RASP 


RAS Pulse Width 
(Fast Page Mode) 


80 


100,000 


80 


100,000 


100 


100,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




^CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




t CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




t RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


C RAD 


RAS to Column Address Delay 
Time 


15 


35 


15 


40 


20 


50 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




t CP 


CAS Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


10 


- 


ns 




t ASR 


Row Address Set-Up Time 





- 





- 





-' 


ns 




t RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




^SC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


_ 


ns 




Z AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C RAL 


Column Address to RAS Lead 
Time 


35 


- 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


THM91O00AS/AL,THM91O2OAL 


UNITS 


NOTES 


-70 


-80 


-10 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 


t RRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




tWCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




C WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




*RWL 


Write Command to RAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




tCWL 


Write Command to CAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




C DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced to 
RAS 


55 


- 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




t WCS 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


t CSR 


CAS Set-Up Time 

(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


-. 


30 


- 


ns 




t RPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




t CPT 


CAS Precharge Time (CAS be- 
fore RAS Counter Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




C CPN 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 





CAPACITANCE (V C c-5V±10%, f-lMHz, Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A9, W, CAS, RAS) 


- 


60 


pF 


Cl2 


Input Capacitance (D8, CAS8) 


- 


7 


pF 


C DQ 


I/O Capacitance (DQ0^DQ7) 


- 


15 


pF 


C Q 


Output Capacitance (QS) 


- 


10 


P F 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 - I CC1» I CC3» I CC4> X CC6 depend on cycle rate. 

4» ^CCl » ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device op erati on is achie ved . In case of using internal re fresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t<£~5ns. 

7. Vjjj(min.) and Vj L ([iiax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels, 

10. Either t££y or tm^j must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If ty^c, ^ ty^g ( min * ) s the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the t£Q)(max.) limit insures that tj^c(max.) can be met, 
tRQ[)(max.) is specified as a reference point only: If t^Qj) is greater than the 
specified t R CT)(max.) li m it> then access time is controlled by tQ&Q. 

14. Operation within the tj^pCmax.) limit insures that tj^cCmax.) can be met. 
t^n(max.) is specified as a reference point only: If tR^D is greater than the 
specified tj^D(max.) limit, then access time is controlled by t^A, 
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READ CYCLE 
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RAS 



CAS 



VlL 



VIH 



"IL 



AQ-Ag 



'IL- 



WHITE 



'IL ■ 



DQO-DQ7 V OH 
,Q8 V 0L 



















tRP 






tRAS 






\ 


J 


tCRP 






l CSH 






tCRP 


tRCD l RSH 












tCAS 










_y 


- 
tAR 


w 


T' 


/ 


















t RAD 






l RAL 




U 


SR 


l RAH 




l ASC 




l CAH 






m 


ROW 


WM 


: ~ W////////////////////M 












IRCS , 




l BBH 


tRCH 


















7///////////////, 


r~ 


-* tCAC 


*M 


w 




J 


tA 


A 


*■» 






, 


L CLZ L 
AD 


tQFF 








. OPEN - 


;77> 


Y „., ™ 


y- 














K r 


vajLiLJ 


JUA1A—UU1 





I *H" or *L" 
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EARLY WRITE CYCLE 



*RC 



"IKS" 



??IS* 



V IH 
'iL 



V IH 



*IL 



z \ 



*CRP 



l RAS 



17 



USR 



AQTAg 



WRITE 



V IL 



V IH 



/ 



tRCD 



l RSH 



l CSH 



"^ Y 7 7 

*AR 



tRAD 



l RAH 



ROW 



l ASC 



l CAS 



l CAH 



T?^ C — ; #% 



l WCR 



y/77Z77/777?77\ 

^il — ' { 1 1 n it f ( ( ( ( a (*> 



twcs 



l CWL 



l WCH 



l WP 



*DS 



DQ0-DQ7 V IH J 

,D8 y IL 



W////////M 



4 RWL 



l RP 



l CRP 



-\/77777777777Tr777 



*DH 



VALID DATA-IN 



tDHR 
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FAST PAGE MODE READ CYCLE 
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CAS 



*IL 



*IH 



\ 



l CRP 



USR 



Aq^-Aq 



VIH 



*IL 



/ 



t CSH 



tRCD *CAS 



'^ 



UR 



tRAH USC 



ROW 



WRITE 



VlL 



DQ0~DQ7,Q8 



v OH 
VOL 



*CP 



1 CAH 



Use 



^mczzmzzM 



tRCH 



T CAC 



X CLZ 



tpc 



l RSH 



*CAS t CP 



^_l~^ 



CAH 



l RCS 




Use 



tRCH 



X CPA 



<WZ} 



VALID I 
DATA -CUT 



l OFF 



*CAC 



*CAS 



*RAL 



CAH 



*RP 






tCRP 



l RCS 



W 



*CPA 



/ 



VALID I 
DATA-OUT 

tCLZ-* 4 " 



> 



l OFF 



C BCH 



CAC 



VALID I 
DATA- gUT 



l CLZ 



l OFF 



YA : "H" or ys L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



*RASP 



RAS 



v IH 
'IL 



=~A 



CAS 



J 



A 0~ A 9 . 



V IL 






*RCD *CAS t CP 



^J^VJ^^L/ 



l RAH t 



ROW 



ASC 



t CAH 



OOL 



Use 



tCAS l CP 



r 



COL 



VRSH 



l CAS 



l CRP 



tRAL 



COL 



*WCR 



*WCS 



WRITE 



'IH ~~ 7 



V7777/M 



X DS 



DQ0~~DQ7,D8 



'ih — Tnrnrm 



Ml 



WCH 



Uvcs 



m 



twp 



*HD *DS 



tDHR 



HVCH 



l WCS 



'WP 



T DH *DS 



7^ W »«"" j ^js"~) < M ■»•&"» l ^ 



J^ 



M 



1i wch 



*DH 



£ 



'///////. 



XJJh : VV H" or "l" 
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RAS ONLY REFRESH CYCLE 
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CAS 



V IH 



"IH 



l CRP 



USR 



>. r,~Ag / ' 

' Ml - 



\ 



RPC 




ROW 



m M////////////////M M 



V/////A 



123 : *"" - w '<" 



K<;te: UR1T1>"K" or "1." , A5-"K or "L" 
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CAS BEFORE RAS REFRESH CYCLE 



RAS 



V IL 



DQ0HDQ7 , Q8 



/OH 

vol 



f tRPC 



tCPN 



\ 



l RC 



f 



\ 



CSR *CHR 



tQFF 



> 



OPEN 



I *H" or VV L* 



Note: WRITE="H" or "L f \ A0~A9«"H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



RAS 



CAS 



V IH 



HL 






\ 



l CRP 



jT^\ 



l BCD tRSH 



Aq~A 9 



— /ZZ/ 



V 



l RAD 



l AR 



RAH t ASC 




4- 



Y 



4 CHR 



/ 



tRAL 



tCAH 



COLUMN 



W/////////////////7 77m. 



\ ^ T 



%%%%%% 



DQ0MX}7 , Q8 . 



v OH 



■RTJl 




M7777/AW//////, 



l CLZ 



tQFF 



VALID DATA-OUT 



">- 



[23 : " H " or " L " 
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HIDDEN REFRESH CYCLE (WRITE) 



*IL 



'iL 



\ 



*CRP 



Ao~Ag 



VlH — 
ViL — 



l RC 



l RAS 



t RCD t RSH 



*AR 



l RAD 



RAH t ASC 



l RAD 



t RAL 



*CAH 



COLUMN 



l WCR 



DQO-DQ7 , D8 



V IL 



'IH 

ViL 



//////////A 

'///////////A 



twcs 



1 rwl 



\ 



twcw 



*WP 



/ 



/ 



w 



-K/ //////////////////////// 




W/////////////////7M 



V77\ : *h" or * L " 
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CAS BEFORE RA§" REFRESH COUNTER TEST CYCLE 



tRAS 



X RP 



RAS 



"lL 



tCSR 



VlH — V 



v 



l RSH 



t CHR 



Use 



- ^Z 7////////////////r^~W7777777777777, 



READ CYCLE 

DQ0~DQ7 v OH 

,Q8 v 0L — 

7 IH 



:/ 



tCAS 



tCAH 



■ OPEN 



tRCS 



WRITE 



"IL 



'///////////////// 



WRITE 


CYCLE 


WRITE 


VlL - 


DQO-i)Q7 


VlH - 


,D8 


VlL — 



— r, 



y/////////A : 



l wcs 



l CAC 



/ 



l AA 



tCLZ 



l OFF 



VALID DATA-OUT 



> 



l RWL 



tcWL 



l RRH 



l RCH 



'W 



. *WCH 



*wp 



: ////////////// 



l DH 



VALID DATA-IN 




z 



: VV H" or *L" 
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OUTLINE DRAWINGS 



THM91000AS 



Unit in mm 



88.90±0.13 



79.62MAX. 



O 



ntDDDDDDDnanDDDD DDDDDDDDDDDDDDD 



¥- 



2.54 



82.14±0.13 



**3.18±0.15 



3.38 



+0.13 
1.27-0.08 



5.08 MAX. 



THM91000AL 



82.1 4± 0.3 




5.08 MAX. 



0.2 5 ±0.1 5 
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OUTLINE DRAWINGS 
• THM91020AL 



Unit in mm 



2.54 



THE FRONT SIDE 
88.9±0.3 



8.89 MAX. 




0.5 ±0.1 



7 3.6 6 ±0.3 



Y 



THE BACK SIDE 
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[DESCRIPTION] 

The THM91010AS is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pes of TC511000AJ on the printed circuit board. 

The THM91010AS is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 



FEATURES 



1,048,576 words by 9 bits organization 
Fast access time 





THM91010AS-70 


THM91010AS-80 


THM91010AS-10 


t RAC RAS Access Time 


70ns 


80ns 


100ns 


fc AA Column Address Access Time 


35ns 


40ns 


50ns 


t CAC CAS Access Time 


20ns 


20ns 


25ns 


tRC Cycle Time 


130ns 


150ns 


180ns 


tPC Fast Page Mode Cycle Time 


40ns 


45ns 


55ns 



Single power supply of 5V±10% 

Low power 3960mW MAX. Operating (THM91010AS-70) 

3465mW MAX. Operating (THM91010AS-80) 

2970mW MAX. Operating (THM91010AS-10) 

49.5mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 



[PI N CONNECTION! 
(TOP VIEW) 



vec 
CT3* 

DQ0 

A0 

Al 

DQ1 

A2 

A3 

VSS 

DQ2 

A4 

A5 

DQ3 

A6 

A7 

DQ4 

A8 

A9 

N.C. 

F 5 

VSS 
DQ6 
PD1 
DQ7 
PD2 

ITS* 
N.C. 
DQ8 
VCC 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(1 3) 

(14) 

(1 5) 

(1 6) 

(17) 

(18) 

(19) 

(20) 

(2 1) 

(22) 

(2 3) 

(2 4) 

(2 5) 

(2 6) 

(2 7) 

(2 8) 

(2 9) 

(3 0) 



|PIN NAMESl 


A0 ^ A9 


Address Inputs 


DQ0 ^ DQ8 


Data Input/Outputs 


CAS 


Column Address Strobe 


RAS 


Row Address Strobe 


w 


Read/Write Input 


PDl, 2 


Presence Detect (Ground) 


v C c 


Power (+5V) 


vss 


Ground 


N.C. 


No Connection 
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BLOCK DIAGRAM 



DQOO *■ 



DQ20- 



DQ30- 



A0-A9 [I 



RAS O- 
CAS O- 



WRITEO- 

PD1 O- 
PD2 O- 



V CC o- 

v S s o- 



DQIO — i 



-C 



D Q 

A0-A9 
RAS 



WRITE 



-\^> 



^> 



D Q 

A0-A9 
RAS 
CAS" 



WRITE 



HI- 



^> 



D Q 

A0-A9 

RAS 
CA5 



WRITE 



-C 



~ll~ 



D Q 

A0~A9 

RAS 
CAS 



WRITE 



Hh 



DQ4 o ^ 



DQ6 O- 



DQ7Q- 



DQ5 O + 



D Q 

A0-A9 

RAS 
CAS 



WRITE 



HH 



D Q 

Z^>|A0~A9 
RAS 
CAS 



WRITE 



^|_ 



^> 



D Q\. 

A0-A9 

RAS 

CAS 



WRITE 



^> 



DQ8 £ 



D Q- 

A0~A9 

RAS 

CAS 



WRITE 



^ 



D 
A0-A9 

RAS 

CAS" 



-C WRI TE 



-^ 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltate 


VIN 


-1.0 <W.O 


V 


1 


Output Voltage 


VOUT 


-1.0 ^7.0 


V 


1 


Power Supply Voltage 


vcc 


-1.0*7.0 


V 


1 


Operating Temperature 


TOPR 


^70 


°c 


1 


Storage Temperature 


TSTG 


-55 %125 


°c 




Soldering Temperature . Time 


TSOLDER 


260 • 10 


°C . sec 


1 


Power Dissipation 


PD 


5. A 


W 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0*70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 




6.5 


V 


2 


VIL 


Input Low Voltage 


-1.0 




0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC «5V±10%, Ta=0*70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc st RC MIN.) 


THM91010AS-70 


- 


720 


mA 


3, 4 


THM91010AS-80 


. 


630 


THM91010AS-10 


- 


540 


I CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


18 


mA 




ICC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


THM91010AS-70 


- 


720 


mA 


3 


THM91010AS-80 


- 


630 


THM91010AS-10 


- 


540 


ICC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=Vil, CAS Address Cycling: tpc^tpc MIN.) 


THM91010AS-70 


- 


540 


mA 


3, 4 


THM91010AS-80 


- 


450 


THM91010AS-10 


- 


360 


X CC3 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V C c~0.2V) 


- 


9 


mA 




X CC6 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS B fore RAS 

Mode (RAS, CAS Cycling: t RC =t RC MIN.) 


THM91010AS-70 


- 


720 


mA 


3 


THM91010AS-80 


- 


630 


THM91010AS-10 


- 


540 


I KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V £V IN £6.5V, All Other Pine not under Test=0V) 


-90 


90 


yA 




^(L) 


OUTPUT LEAKAGE CURRENT 

(DquT is disabled, 0V < VqtjT £ 5. 5V) 


-20 


20 


UA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (Iour=-5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IqUT=4 . 2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta-O-WCC) (Notes 5, 



6, 7) 



SYMBOL 


PARAMETER 


THM9101OAS-70 


THM91010AS-80 


THM91010AS-10 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


* RC 


Random Read or Write Cycle 
Time 


130 


- 


150 


- 


180 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


fc AA 


Access Time from Column 
Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


tCPA 


Access Time from CAS Pre- 
charge 


- 


35 


- 


40 


- 


50 


ns 


8 


C CLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


t OFF 


Output Buffer Turn-off 
Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


C RP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




C RAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




r -RASP 


RAS Pulse Width 
(Fast Page Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




trcw 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




11 CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


tRAD 


RAS to Column Address 
Delay Time 


15 


35 


15 


40 


20 


50 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


5 


- 


ns 




t CP 


CAS Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


10 


- 


ns 




C ASR J ^"^ Address Set-Up Time 





- 





- 





- 


ns 




t RAH 


?ow Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




^SC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




tRAL 


Column Address to RAS 
Lead Time 


35 


- 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



SYMBOL 


PARAMETER 


THM91010AS-70 


THM91010AS-80 


THM91010AS-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


■'- 


20 


- 


ns 




fc WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




typ 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




t RWL 


Write Command to RAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




tCWL 


Write Command to CAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




t DS 


Data Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced 
to RAS 


55 


- 


60 


- 


75 


- 


ns 




tREF 


Refresh Period 




8 


- 


8 


- 


8 


ms 




twcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


t CSR 


CAS Set-Up Time 

(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




t CPT 


CAS Precharge Time (CAS 
before RAS Counter Test 
Cycle) 


40 


- 


40 


- 


50 


- 


ns 




t CPN 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 





CAPACITANCE (V CC =5V±10%, f-lMHz, Ta=0'v70°C) 








SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C I1 


Input Capacitance (A0^A9, ¥, CAS, RAS) 


- 


60 


pF 


C DQ 


I/O Capacitance (DQ0 ^DQ8) 


- 


15 


pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. Iccl> I CC3, ICC4, ICC6 depend on cycle rate. 

4. ICC1» ICC4 depend on output loading. Specified values are obtained with the 
output open, 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal ref res h 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t-p=5ns. 

7. Vjj^Cmin.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toppCmax.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tg£jj or t RR jj must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. typg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t^g^ty^g (min. ) , the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) . 

13. Operation within the t£Q)(max.) limit insures that tp^c(max.) can be met. 
t RCD( max *^ * s specified as a reference point only: If t^D * s greater than the 
specified t£c D (max.) limit, then access time is controlled by t^Q. 

14. Operation within the tR^Cmax.) limit insures that tj^Cmax.) can be met. 
tRjy)(max.) is specified as a reference point only: If tRAD is greater than the 
specified tj^j)(max.) limit, then access time is controlled by t^. 



— C-44 — 



READ CYCLE 
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RAS 



v IH — 
VlL — 



IH — 



IL 



A0-A9 



'IH — 



'IL 



WRITE 



VlH 
VlL — 



DQ0-DQ8 



v OL — 

















tRC 






















tRp 








tRAS 








_ 


\ 




/ 


*CRP 






tcSH 






^CRP 


*RCD t RSH 












l CAS 














:/ 






*AR 


\\ 


./ / 


















t RAD 




*RAL 






tASF 


t 


t RAH 




Use 




t CAH 














WM 




k 






zm 


ROW 


COLUMN 


w//////////////////////////, 












t RCS 








tRRH 


tRCH 




















~ W///////////////W 


^AC 




w 


— ////////////////////// J 




A 








t A 










t CLZ 




tOFF 






tRAC 
















kV 








- OPEN - 


J 


VALID DATA-OUT 


y- 





\ 


Y/A 

















•H" or "L" 
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.EARLY WRITE CYCLE 



RAS 



CAS 



ViL- 



v IH - 
VlL- 



\ 



tCRP 



C ASR 



A0-A9 



VlH— " 



WRITE 



"IL" 



vm — 



l RC 



t RAS 



/ 



l RCD 



\A 



l AR 



l RAD 



t RAH 



zw^zm: 



tASC 



l RSH 



t CAS 



l CAH 



COLUMN 



twcs 



VlL- 



m 



DQ0-DQ8 



PAL 



l RP 



m 



^CWL 



t WCH 



WP 



Wk 



*RWL 



l DH 



:: t«ifi ^^ »Mi; 



l DHR 



l CRP 



7 



m 



m////// 



////////////// 



VTA : "H ,f or "L" 
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FAST PAGE MODE READ CYCLE 



RAS 



V IH" 



l CRP 



VlH- 
VlL— - 



l ASR 



tRASP 



tCSH 



tRCD tcAS 



"S\ 



*AR 



tRAH *A c 



:;: z^c~3@gd©g°d@c°°d^ 



l BCS 



WRIFE ///// 



T JMMM 



DQ0-DQ3 



v OL~ 



t CP 



CAH 



l ASC 



t RAC 



l CLZ_ 



tRCH 



.«¥ 



l PC 



T^/~^ 



tCAS l CP 



tCAH 



tASC 



tRCS 



l CAC 



l CPA 



ALED 
LATA 
-Oi 



,ID\ 



tQFF 



tRSH 



CAS 



l CAH 



tRCS 



l CPA 



VALI 

DATA 

-OU r 






k)FF 



tRP 



tCAC 



•RCH 



?\/VALH)\ 



l CLZ 



tOFF 



/Z 



I////1 : "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



RAS 



VlL' 



tCRP 



CAS 



VlL— . 



*ASR 



A0-A9 



VlH — 
VlL — 



tRASP 



*RP 



*RCD t CAS t CP 



\^j~^^r^j 



t A R 



tRAH t ASC 



ROW 



tRAD 



COL 



l WCR 



%cs 



==? V m — 777777777777777\ 



,„ - V////////////M 



twp 



DQ0-DQ8 



ML- 



l DS 



tWCH 



tCAH l ASC 



tpc 



l CAS *CP 



COL 



fTK 

MM 



t DH t DS 



*DHR 



m//////////^^m ^^M : ^mA 



^CAH 



tRSH 



tCAS 



t CRP 



l ASq tCAH 



:^z^)^ 



l WCH 



twp 



twes 



fTTk 



DH l DS 



t^CH 



twp 



/77777777777T7 

y////////////// 



'DH 



(222 • "H" or "L" 
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RAS ONLY REFRESH CYCLE 
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RAS 



V IH 

VlL — 



\ 



CAS 



ViH — " 

V IL — , 



A0-A8 



*ASR tRAH 



;;3CE» 



RC 



D RAS 



t RP 



/ \ 



RFC 



7 



Y/A : "H" or "L" 



Note: WRITE« M H" or f, L", A9 a *"H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 



*RC 



RAS 



VlL 



/ t ppr z - 



CAS 



ViH — 

VlL — - 



tCPN 



r\ 



l RAS 



f 



tRP 



tCSR tCHR 



^ 



*OFF 



DQ0-DQ8 



VOH 
VOL 



> 



OPEN 



\ 



7/Jj\ i "H" or "L" 



Note: WRITE="H" or "L", A0^A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 



*RC 



RAS 



VlH — " 



'IL 



\ 



t CRP 



VlH 
VlL 



CAS / 



t ASR 



WRITE 



VlH —Tj 



DQ0-DQ8 



V IL 



VOH" 

vol 



^RAS 



/ \ 



D RCD 



\ 



D RAD 



tAR 



*RAH t ASC 



- ZzWIBM^lM 



*RCS 



w 



l RSH 



t RAL 



C CAH 



^RAC 



L CLZ 



*RP 



tRRH 



^RAS 



/ 



t CAC 



m 



/ 



tQFF 



VALID DATA-OUT 



> 



: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



*RC 



RAS 



VlH— - 
VlL — 



tCRP 



VlH — 



CAS 



v ih — y 

VlL — -V 



*ASR 



A0-A9 



VlH — 



V IL 



VlH — 



*RAS 



/ 



t RCD 



*AR 



l RAD 



'RAH, 



ROW 



Use 



*RAD 



RAL 



l CAH 



COLUMN 



r WCR 



WRITE 



vil ■ I I I 1 1 U 1 1 ( ( 1 1 ( I \ 



DQ0-DQ8 



Vffl — - 



'IL 



W. 



t RP 



/ 



tcHR 



/ 



RWL 



twCH 



t m 



Hf t ( { ( I ( I ( ( 1 1 ( I ( I ( I ( ( 1 1 ( ( I ( { I ( ( ( ( ( ( t ( ( 1 1 ( I 



*DS *DH 



VALID DATA-IN 



l DHR 



Y777A : "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 




Y77A : "H" or "L" 
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OUTLINE DRAWINGS 
• THM91010AS 



Unit in mm 



88.9 0±0.13 



7 9.6 2MAX. 



03.18±O.O5 



■&. 



Q 



ntbDDDDaDaDDDDDDDDDDaaDDDD O IDD □ a 



M 



2.5 4 



8 2.14±0.13 




5.0 8 MAX. 
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DESCRIPTION 



The THM362500AS is a 262,144 words by 36 bits dynamic RAM module which assembled 8 
pes of TC514256AJ and 4 pes of TMM51256T on the printed circuit board. The 
THM362500AS can be as well used as 524,288 words by 18 bits dynamic RAM module, by 

means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, .., DQ17 and DQ35, 

respectively. The THM362500AS is optimized for application to the systems which are 
required high density and large capacity such as main memory of the computers and an 
image memory systems, and to the others which are requested compact size. 



FEATURES^ 



262,144 words by 36 bits organization 
Fast access time and cycle time 





THM362500AS-70 


THM362500AS-80 


THM362500AS-10 


tRAC RAS Access Time 


70ns 


80ns 


100ns 


t AA Column Address Access Time 


35ns 


40ns 


50ns 


t-CAC CAS Access Time 


20ns 


20ns 


25ns 


tRC Cycle Time 


130ns 


150ns 


180ns 


tpc Fast Page Mode Cycle Time 


40ns 


45ns 


55ns 



Single power supply of 5V±5% 

Low power 
5,280mW MAX. Operating (THM362500AS- 
4,620mW MAX. Operating (THM362500AS- 
3,960mW MAX. Operating (THM362500AS- 
66mW MAX. Standby 



• CAS before RAS refresh, RAS only 
refresh, Hidden refresh, and Fast 
70) Page Mode capability. 
80) • All inputs and outputs TTL compatible 
10) • 512 refresh cycles/4ms 



IPIN CONNECTION] (TOP VIEW) 












S u l 11 K U K PI 






miiTiriiiiiiiiiriiiiiiiiiiiiiiiitii r 


-n mimimtimiimmimiimiiii 



36 37 



1 


vss 


13 


Al 


25 


DQ24 


37 


DQ17 


49 


DQ9 


61 


DQ14 


2 


DQO 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


vss 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CAS0 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


CAS2 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


vec 


42 


CAS3 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CAS1 


55 


DQ12 


67 


*1 


8 


DQ3 


20 


DQ4 


32 


NC 


44 


RAS0 


56 


DQ30 


68 


*2 


9 


DQ21 


21 


DQ22 


33 


NC 


45 


NC 


57 


DQ13 


69 


*3 


10 


V CC 


22 


DQ5 


34 


RAS2 


46 


NC 


58 


DQ31 


70 


*4 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


¥ 


59 


vec 


71 


NC 


12 


A0 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


vss 



|PIN NAMES] 


A0^A8 


Address Inputs 


DQ0^DQ35 


Data Input/Outputs 


CASCK CAS3 


Column Address Strobe 


RAS0, RAS2 


Row Address Strobe 


W 


Read/Write Input 


vec 


Power (+5V) 


vss 


Ground 


NC 


No Connection 





-70 


-80 


-10 


*1 


vss 


vss 


^ss 


*2 


NC 


NC 


NC 


*3 


v S s 


NC 


vss 


*4 


NC 


vss 


v S s 
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BLOCK DIAGRAM 



CAS O- 
RAS O- 



CAS" 1 O- 



CAS 2 Q- 
RAS 2 O- 



CAS 3 O- 



CAS 



MO 



-< RAS 

-C OE W" 



< CAS 



C RAS 

jr< QE 



CAS 
RAS 



rt 



CAS 
RAS 
OE 



rt 



— c ^ 

C RAS 

r— C OE 



■C CAS 



jrf 



OE 



<fCAT 



C RAS 



C CAS 

C RAS 

i— C OE 



<: cas 



r\ 



CAS 
RAS 



w o- 

A0-A8 O- 

V CC O- 



Ml 

W" 



M2 

W 



M3 



M4 



CAS 

RAS 

OE W~ 



<■ CAS M5_ 

C RAS W 



M6 

W* 



M7 



M8 

W 



M9 
W" 

T 



M10 



<^ RAS 

OE "W 



W 



I/O 1 

I/O 2 

I/O 3 

AO-8 i/o 4 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



AO-8 



Din 
Dout 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



AO-8 



Din 
Dout 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



AO-8 



i r 



Din 
Dout 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



I/O 1 

I/O 2 

I/O 3 

AO-8 I/O 4 



AO-8 



Din 
Dout 



T 



CO-ll 



v ss o- 



MO-ll 



MO -11 



DQ 
DQ 
DQ 
DQ 

DQ 
DQ 
DQ 
DQ 



-O DQ 8 



DQ 9 
DQ 10 
DQ 11 
DQ 12 



DQ 13 
DQ 14 
DQ 15 
DQ 16 



-O DQ 17 



DQ 


18 


DQ 


19 


DQ 


20 


DQ 


21 


DQ 


22 


DQ 


23 


DQ 


24 


DQ 


25 



-O DQ 26 



DQ 


27 


DQ 


28 


DQ 


29 


DQ 30 


DQ 31 


DQ 


32 


DQ 


33 


DQ 


34 



-O DQ 35 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VIN 


-1.0 %7.0 


V 


1 


Output Voltage 


VOUT 


-1.0 ^7.0 


V 


1 


Power Supply Voltage 


vcc 


-1.0 ^7.0 


V 


1 


Operating Temperature 


T OPR 


^70 


e C 


1 


Storage Temperature 


TSTG 


-55^125 


°C 


1 


Soldering Temperature « Time 


Ts OLDER 


260 . 10 


°C • sec 


1 


Power Dissipation 


PD 


7.2 


W 


1 


Short Circuit Output Current 


lOUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (T C =0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.75 


5.0 


5.25 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (Vcc-5V±5%, Tc-0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 


I CC1 


OPERATING CUFRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC =t RC MIN.) 


THM362500AS-70 


- 


960 


mA 


3,4 


THM362500AS-80 


- 


840 


THM362500AS-10 


- 


720 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


24 


mA 




X CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 


THM362500AS-70 


- 


960 


mA 


3 


THM362500AS-80 


- 


840 


THM362500AS-10 


- 


720 


ICC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=V IL , CAS Address Cycling: t PC =t PC MIN.) 




- 


720 


mA 


3,4 


THM362500AS-80 


- 


600 


THM362500AS-10 


- 


480 


*CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=*V C c-0.2V) 


- 


12 


mA 




ICC6 


CAS BEFORE RAS REFRESH CURRENT 


THM362500AS-70 


- 


960 


mA 


3 


Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t RC =t RC MIN.) 


THM362500AS-80 


- 


840 


THM362500AS-10 


- 


720 


H(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(°V <V IN 16.5V, All Other Pins not under Test=0V) 


-120 


120 


PA 




I 0(L) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V <V 0UT < 5.25V) 


-10 


10 


yA 




x OH 


OUTPUT LEVEL 

Output "H" Level Voltage (I UT=~5mA) 


2.4 


- 


V 




vol 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

CV CC =5V±5%, Tc»0'W0 o C) (Notes 5, 6, 



7) 



SYMBOL 


PARAMETER 


THM362500AS- 
70 


THM362500AS- 
80 


THM362500AS- 
10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Random Read or Write Cycle 

Time 


130 


- 


150 


- 


180 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




t RAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


C AA 


Access Time from Column 
Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


t CVk 


Access Time from CAS 
'^recharge 


- 


35 


- 


40 


- 


50 


ns 


8 


t CLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


t OFF 


Output Buffer Turn-off 
Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


6 


r RP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




C RAS 


RAS Pulse Width 


70 


16,000 


80 


16,000 


100 


16,000 


ns 




t RASP 


RAS Pulse Width 
(Fast Page Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




t RSH 


RA5 Hold Time 


20 


- 


20 
80 


- 


25 


- 


ns 




t CSH 


CAS Hold Time 


70 


- 


- 


100 


- 


ns 




z CAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




t RCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


t RAD 


RAS to Column Address Delay 
Time 


15 


35 


15 


40 


20 


50 


ns 


14 


t CRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


10 


- 


ns 




t CP 


CAS Precharge Time 
(Fast Page Mode) 


10 


- 


10 





10 


- 


ns 




t ASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




t RAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASH 


Column Address Set-Up Time 





- 





- 





- 


ns 




tCAH 


Coluum Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t RAL 


Column Address to RAS 
Lead Time 


35 


- 


40 


- 


50 


- 


ns 




t RCS 


Read Command Set-Up Time 





- 





- 





- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 


, CONDITIONS (Continued) 




SYMBOL 


PARAMETER 


THM36250QAS- 

70 


THM362500AS- 
80 


THM362500AS- 
10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




t RWL 


Write Command to RAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




t CWL 


Write Command to CAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




t DS 


Date Set-Up Time 





_ 





- 





_ 


ns 


11 


t DH 


Date Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced 
to RAS 


55 


- 


60 


- 


75 


~ 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




t WCS 


Write Command Set-Up Time 





- 





- 





- 


DS 


12 


t CSR 


CAS" Set-Up Time 

(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




t CHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




tCPT 


CAS Precharge Time 
(CAS before RAS Counter 
Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




t CPN 


CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 





CAPACITANCE (V C c=5v±5%, f-lMKz, Tc=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


CI1 


Input Capacitance (A0 ^A,8) 


- 


88 


P F 


CI2 


Input Capacitance (W) 


- 


84 


PF 


CI3 


Input Capacitance (PASO, RAS2) 


- 


42 


pF 


CI4 


Input Capacitance (CAS0 ^CAS3) 


- 


36 


pF 


CDQ1 


I/O Capacitance (DQO'W, 9^16, 18^25, 27^34) 


- 


17 


pF 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 


- 


22 


pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 - I CC1> I CC3» I CC4» ICC6 depend on cycle rate. 

4. ICC1> ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^ = 5ns. 

7. Vj^(min.) and VjLCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl« 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuity 
condition and is not referenced to output voltage levels. 

10. Either tvnu or tr^Tt must ht> sflfi^fipd fnr a re*ac\ rvrlf. 

*.v\--iJi jxrua ------ - - — — - -j 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t wcs ^ tycs^ min# ) » the c ycl e is an early 
write cycle and data out pin will remain open circuit (high impedance) . 

13. Operation within the t RCS (max.) limit insures that t RAC (max.) can be met. 
t R Qj)(max.) is specified as a reference point only: If t R ^j) is greater than 
the specified t R Qp(max.) limit, then access time is controlled by tQ^Q. 

14. Operation within the tj^Cmax.) limit, insures that t^c^ax.) can be met. 
tRAD( max *) is specified as a reference point only: If tj^j) is greater than the 
specified tR^Cmax.) limit, then access time is controlled by t^. 
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READ CYCLE 
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RAS 



CAS 



A0-A8 



WRITE 



V IH — 

VlL — 



V IH ~ 

VlL — . 



'IH — 



t 1L _ 



ViH 



IL 



iCRP, 



l ASR 



t RC 



l RAS 



/ 



^CSH 



t RCD 



T~\ ■ tCAS 



l AR 



*RAD 



tRAH 



ROW 



DQO-DQ3 5 



VOH — 

vol — 



Iasc 



l RSH 



^AH. 



COLUMN 



OPEN 



tRCS 



*RAL 



l CAC 



D RP 



'CRP 



W//////////////////////M 



^RCH 



tQFF , 



VALID DATA OUT 



\JTh i "H" or "L" 
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EARLY WRITE CYCLE 



RAS 



CAS 



A0-A8 



WRITE 



DQ0~DQ35 




YJ]J[ : "H" or "L" 
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FAST PAGE MODE READ CYCLE 



RAS 



VlH 



IL 



VlH — 



r IL 



l CRP 




A0 



- Z'-WK^J. 



t RASP 



tRP 



tCSH 



i BCD 



+"\ CAS 3 = ^ , 'CAS ( - 



*AR 



tRAH 



WRITE 



IH —7 



DQ0-DQ35 



VOH — 
VOL — 



tASC 



l RAD 



l RCS 



¥ 



COL 



t RAC 



C CLZ 



l CP 



l PC 



l ASC 



tRCH 



'CAH 



COL 



*CP 



var 



RCS 



l RCH 



AL 
PAT A 
OUT 



UTJ1 



; OFF 



'CAC 



^ID 



t RSH 



RAL 



-CAH 



^ WM 



'RCS 



tQFF 



LCLZ 



CAC 



RRK 



*RCH 



u 



VALI 

DATA 

OU' 



> 



'CLZ 



^OFF 



TJJfc "H" 



or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



^RP , 



RAS 



CAS 



'IH 
r IL 



VlH — 



'IL 



l CR? 



t ASR 



A0-A8 



'IL 



WRITE 



DQ0-DQ35 



'I"H 



'IL 



iH-77 



'IL 1 



tRASP 



l RCD 



^ JCAS_, .r 



l AR 



RAH l ASC 



ROW 



l CP 



COL 



%CR 



l WCS 



WL 



l WP 



^CAH 



ASC 



l PC 



t CP 




\0^\Y 



tCAH Use 



COL 



%CH 



Vcs 



'ML 



tnH l r>s 



C DHR 



l RSH 



tCAS 



'RAL 



l CRP, 



CAH 



mc^~m 



l WCH %C S 



l W> 



M 



■-DH tn<:; 



l WCH 



■£ 



^VAUD DA TA n W^VAL1D ^|^YAH D DATA^ 



1 VALID DATA 
IN 



T JJ) i \ "H" or "L" 
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V IH— ' 
VlL — 



\ 



*CRR 



CAS 



V IH— " 



USR 



A0-A8 



VlH— 7 



VlL — - 



l RAH 



W^ZM. 



l RC 



^-RAS 



l RP 



\ 



t RPC 



Note: WRITE="H" or n L' 



"H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 



RAS 



Vih — f 

ViL — / 



'-RFC 



'ih 



CAS 



J 



*CPN 



tcSR 



'RC 



l RAS 



l CHR 



OFF 



DQ0-DQ35 



'IH 



r IL 



> 



OPEN 



l RP 



\ 




77ft ' "H" or "L" 



Note: WRITE-"H" or "L", A0^A8="H" or "L 



— C-66 



THM362500AS-70, 80, 10 



HIDDEN REFRESH CYCLE (READ) 



RAS 



'IH 



'■IL 



l CEP 



CAS 



VlH — 
VlL — 




l ASR 



A0-A8 



'IH 



'IL 



*RC 



&RAS 



y Xr 



t RCD tRSH 



\ 



t RAD 



l AR 



t RAB l ASC 



tRCS 



WRITE 



:\:zm 



E RAL 



l CAH 



COLUMN 



D RAC 



DQ0-DQ35 



VOH — 



VOL 



C RP 



l RRH 



^RAS 



V 



*CHR 



/ 



L CAC 



'CLZ 



VALID DATA OUT 



TJ/A i "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



RAS 



CAS 



A0-A8 



WRITE 



DQ0-DQ35 




7771: "H" or "L" 



m- 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



RAS 



CAS 



'IH 



f IL 



'IH 



'IL 



\ 



D CSR 



^RAS 



l CHR 



VlH — 



A0-A8 



'IL 



M 



READ CYCLE 



Vqh 



DQ0-DQ35 



'OL 



VlH 



'IL 



WRITE CYCLE 



WRITE 



VlH -777777/7, 



DQ0-DQ35 



'vil — 



^CPT 



l ASC 



w . «"- m 



x 



l BSH 



t CAS 



tCAH 



V 



^RP 



£ 



OPEN 



OPEN 



<RCS 



W//////////////////A: 



twcs 



tCAC 



CLZ 



tOFF 



VALID DATA OUT 



fc RWL 



tcWL 



I 



tRRH 



t WCH 



/ VALID DATA IN > 



77A - "H" or "L" 



- C-69 - 



THM362500AS-70, 80, 10 



OUTLINE DRAWINGS 
. THM362500AS 



Unit in mm 



3.3 8 ±0.10 



-H 



IV 



2.0 3 ±0.1 



63 5 







CZ! 



10 7.9 5±0.13 



10 1.1910.13 



cn 



TTTTn nun ' ttttti xm cr 



f □ 



cn 



cn 



□ 



CZJ 



<< 



iiiiiniiiiiii iinmnii 



1.2 7 



T 



Hi HMHn iii H miiiinimii i iiiii 



+i 



6.3 5 ±0.0 3 



/ R 1.5 7 ±0.0 5 
9 5.2 5 ±0.0 5 



5.0 8MAX. 












2 
3 




I 




CO 


JJ 




+ 0.10 
1.27 -0.08 





DETAIL OF 


C0N r 


CACT5 




* 

© 














s 

-si* 

in 


» 






1.27 






1.04±0.03 








r - 
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DESCRIPTION 



The THM365120AS is a 524,288 words by 36 bits dynamic RAM module which assembled 
16 pes of TC514256AJ and 8 pes of TC51256T on both sides the printed circuit board. 

The THM365120AS is optimized for application to the system which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

1 featuresI 

• 524,288 words by 36 bits organization 

• Fast access time and cycle time 





THM365120AS-70 


THM365120AS-80 


THM365120AS-10 


C RAC RAS Access Time 


70ns 


80ns 


100ns 


C AA Column Address Access Time 


35ns 


40ns 


50ns 


t CAC CAS Access Time 


20ns 


20ns 


25ns 


t RC Cycle Time 


130ns 


150ns 


180ns 


tpc Fast Page Mode Cycle Time 


40ns 


45ns 


55ns 



Single power supply of 5V±5% 

Low power 
5,412mW MAX. Operating (THM365120AS-70) 
4,752mW MAX. Operating (THM365120AS-80) 
4,092mW MAX. Operating (THM365120AS-10) 
132mW MAX. Standby 



CAS before RAS refresh, RAS only 
refresh, Hidden refresh, and Fast 
Page Mode capability 

All inputs and outputs TTL compatible 

512 refresh cycles/4ms 



[PIN CONNECTION! (TOP VIEW) 



mm «,. , imn mn. , irnn . mm . . nrni imn [0 

I HiiuinmilHIIIIIHIIIIIIH a- v lllllllllllllllll llllllllllllllllllll 



1 


vss 


13 


Al 


25 


DQ24 


37 


DQ17 


49 


DQ9 


61 


DQ14 


2 


DQ0 


14 


A2 


26 


DQ7 


38 


DQ35 


50 


DQ27 


62 


DQ33 


3 


DQ18 


15 


A3 


27 


DQ25 


39 


v S s 


51 


DQ10 


63 


DQ15 


4 


DQ1 


16 


A4 


28 


A7 


40 


CAS0 


52 


DQ28 


64 


DQ34 


5 


DQ19 


17 


A5 


29 


NC 


41 


CAS2 


53 


DQ11 


65 


DQ16 


6 


DQ2 


18 


A6 


30 


vec 


42 


CAS3 


54 


DQ29 


66 


NC 


7 


DQ20 


19 


NC 


31 


A8 


43 


CAS1 


55 


DQ12 


67 


*1 


8 


DQ3 


20 


DQ4 


32 


NC 


44 


RAS0 


56 


DQ30 


68 


*2 


9 


DQ21 


21 


DQ22 


33 


RAS3 


45 


RAS1 


57 


DQ13 


69 


*3 


10 


V CC 


22 


DQ5 


34 


RAS2 


46 


NC 


58 


DQ31 


70 


*4 


11 


NC 


23 


DQ23 


35 


DQ26 


47 


¥ 


59 


vec 


71 


NC 


12 


A0 


24 


DQ6 


36 


DQ8 


48 


NC 


60 


DQ32 


72 


vss 



I PIN NAMES) 


A0 ^ A8 


Address Inputs 


DQ0 'v DQ35 


Data Input/Outputs 


CAS0^CAS3 


Column Address Strobe 


RAS0 ^RAS3 


Row Address Strobe 


¥ 


Read/Write Input 


vec 


Power (+5V) 


v S s 


Ground 


NC 


No Connection 





-70 


-80 


-10 


*1 


NC 


NC 


NC 


*2 


v S s 


v S s 


vss 


*3 


NC 


vss 


NC 


*4 


vss 


vss 


NC 
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IBLOCK DIAGRAM | 






























DQO-3 












— c 


CAS MO 
RAS 
OE W 


I/Ol 

1/0 2 

1/03 

A0-8I/O4 




1/01 
1/02 
1/03 
I/O 4 AO-8 


M12 RAS 
W OE 


D 






-o — ■ — 




RAS O — — 


c 

r° 




D 

*1 




1 -o RAS 1 






!r 














Y 






DQ4-7 






T 








. c 

— — o 


CAS M1 
RAS 
OE w 


I/Ol 

1/0 2 

1/0 3 

A0-8I/O4 




1/01 
1/0 2 
1/0 3 
I/O 4 AO-8 


Ml 3 CAS 

RAS 

W OE 


D ' 

3 










i 










[^ 


, o 


>l 
















y 






DQ 8 






T 








_^ 


CAS M2 
RAS W 


Din 
Dout 




Dout AO-8 


M14 CAS 
W RAS" 


3 






Q 


-J ° L 


D 1 
















V 






CAS 1 ° 






1 






DQ 9-12 






1 










— c 


£^M3 
RAS 

OE "W 


I/Ol 

1/02 

1/03 

A0~8i/O4 


I/Ol 
1/02 
1/0 3 
I/O 4 AO-8 


M15 S£l 
RAS 

W~ OE 


D 1 






— O"'" 








— c 




5 

*1 






















y 


| 


DQ13-16 


1 


Y 








— c 


^ S M4 

RAS 

OE W 


I/Ol 
1/0 2 




I/Ol 
1/0 2 
1/0 3 
I/O 4 AO-8 


RAS 
W OE 


D 






o 








— — c 




D 






















Y 


1 


DQ17 






Y 






r 


CAS M5 

RAS W 


AO-8 gS t 




Din 

Dout AO-8 


Ml 7 CAS 
W RAS 


3 






^ 


-J ° L 














TTrrr r> 


V 












v 






" 




1 






DQ 18-21 






1 








C 


Stl M6 

RAS 

OE W 


I/Ol 
1/02 
1/0 3 

A0-8I/O4 




I/Ol 
1/0 2 
1/03 
I/O 4 AO-8 


Ml 8 CAS 

RAS 

W OE 


D « 












RAS 2 — '►— 


c 

.r 




D 

>1 


-' RAS 3 






® 
















Y 






DQ22-25 






Y 








c 


CA S M7 

RAS 

OE W 


I/Ol 

1/03 
A0-8I/O4 




I/Ol 
I/O 2 
1/0 3 
I/O 4 AO-8 


*,! n CAS 

*"* " RAS 
"W OE 


D 






. 








— - — < 




D 








° 














Y 


1 


DQ26 


| 


Y 








— — c 


CAS M8 
RAS W 


Din 
AO-8 Dout 


^ 


Din 

Dout AO-8 


M20 CAS 
W HAS" 


3 








_J ° L 














— -—• n ^ 




Y 












Y 










< 




1 






DQ 27-30 






1 










C 


£^M9 

RAS 

Ul W 


I/Ol 

1/0 2 

1/03 

AO-8 I/O 4 




I/Ol 
1/0 2 
1/0 3 
I/O 4 AO-8 


M21 C ^l 
RAS 

W OE 


D ■ 






o 








_ — c 




D 






















Y 


| 


DQ31— 34 


1 


Y 


D 1 






C 


CAS _ . 

Ml 

RAB 

OE W 


I/Ol 

1/0 2 

1/03 

AO-8 I/O 4 




I/Ol 
1/0 2 
1/03 
I/O 4 AO-8 


"»£! 






o 




i 




c 




D — — 










W" OE >-i 










- 








Y 


1 


DQ35 






Y 






r 


CAS" Ml 1 
RAS W 


Din 
AO-8 Dout 




Din 

Dout AO-8 


M23 CAS 
W RAS 


D 






c 


_J ° 1— 


5 






V 












Y 
























VCC ° 

Vcc O 


=}= CO-11 


MO— 23 
MO -2 3 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 


SYMBOL 


RATING 


UNITS 


NOTES 


Input Voltage 


VlN 


-l.O'v 7.0 


V 


1 


Output Voltage 


VOUT 


-1.0 i, 7.0 


V 


1 


Power Supply Voltage 


vcc 


-1.0W.0 


V 


1 


Operating Temperature 


TOPR 


CW0 


°C 


1 


Storage Temperature 


TSTG 


-55^125 


°C 


1 


Soldering Temperature • Time 


T SOLDER 


260 • 10 


°C • sec 


1 


Power Dissipation 


PD 


14.4 


W 


1 


Short Circuit Output Current 


I OUT 


50 


mA 


1 



RECOMMENDED DC OPERATING CONDITIONS (Tc=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


vcc 


Supply Voltage 


4.75 


5.0 


5.25 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


2 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



DC ELECTRICAL CHARACTERISTICS (V CC -5V±5%, Tc=0^70 


? C) 










SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


NOTES 


I CC1 


OPERATING CURRENT 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t R c =t RC MIN.) 


1HM3 65 120AS-70 


- 


984 


mA 


3,4 


THM3 65120AS-80 


- 


864 


THM3 6512 0AS-10 


- 


744 


X CC2 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V IH ) 


- 


48 


mA 




X CC3 


RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=V IH : t RC -t RC MIN.) 


THM3 65120AS-70 


- 


984 


mA 


3 


IHM3 65120AS-80 


- 


864 


THM3 65120AS-10 


- 


744 


I CC4 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

(RAS=V IL , CAS Address Cycling: t pc -tp C MIN.) 


THM365120AS-70 


- 


744 


mA 


3,4 


THM365120AS-80 


- 


624 


THM365120AS-10 


- 


504 


I CC5 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0.2V) 


- 


24 


mA 




X CC6 


CAS BEFORE RAS REFRESH CURRENT 


THM365120AS-70 


- 


984 


mA 


3 


Average Power Supply Current, CAS before RAS 
Mode (RAS, CAS Cycling: t R c=t R c MIN.) 


THM36 5120AS-80 


- 


864 


THM365120AS-10 


- 


744 


T KL) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V< V IN 1 6.5V, All Other Pins not under Test=0V) 


-240 


240 


yA 




Z 0(L) 


OUTPUT LEAKAGE CURRENT 

(D 0UT is disabled, 0V i V QUT i 5.25V) 


-20 


20 


uA 




V H 


OUTPUT LEVEL 

Output "H" Level Voltage (I 0UT =-5mA) 


2.4 


- 


V 




V OL 


OUTPUT LEVEL 

Output "L" Level Voltage (Io UT =4.2mA) 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Tc=OWO°C) (Notes 5, 



6, 7) 



SYMBOL 


PARAMETER 


THM365120AS-70 


THM365120AS-80 


THM3 65120AS-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle 
Time 


130 


- 


150 


- 


180 


- 


ns 




tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


55 


- 


ns 




tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


8,13 


t CAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


8,13 


t AA 


Access Time from Column 
Address 


- 


35 


- 


40 


- 


50 


ns 


8,14 


tCPA 


Access Time from CAS 
Precharge 


- 


35 


- 


40 


- 


50 


ns 


8 


tCLZ 


CAS to Output in Low-Z 





- 





- 





- 


ns 


8 


tOFF 


Output Buffer Turn-off Delay 





20 





20 





20 


ns 


9 


t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


t RP 


RAS Precharge Time 


50 


- 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


70 


16,000 


80 


16,000 


100 


16,000 


ns 




tRASP 


RAS Pulse Width 
(Fast Page Mode) 


70 


100,000 


80 


100,000 


100 


100,000 


ns 




t RSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




t CSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 






CAS Pulse Width 


20 


in r\r\n 

— w , ~ w ~ 


20 


i n r\r\n 

— ** > •" ~ w 


25 


in nnn 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


20 


60 


25 


75 


ns 


13 


* RAD 


RAS to Column Address Delay 
Time 


15 


35 


15 


40 


20 


50 


ns 


14 


tCRP 


CAS to RAS Precharge Time 


5 


- 


5 


- 


10 


- 


ns 




C CP 


CAS" Precharge Time 
(Fast Page Mode) 


10 


- 


10 


- 


10 


- 


ns 




tASR 


Row Address Set-Up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-Up Time 





- 





- 





- 


ns 




t CAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




C AR 


Column Address Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




tRAL 


Column Address to RAS Lead 
Time 


35 


- 


40 


- 


50 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 





- 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


THM3 65120AS-70 


THM365120AS-80 


THM365120AS-10 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RCH 


Read Command Hold Time 





- 





- 





- 


ns 


10 


tRRH 


Read Command Hold Time 
referenced to RAS 





- 





- 





- 


ns 


10 


t WCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




t WCR 


Write Command Hold Time 
referenced to RAS 


55 


- 


60 


- 


75 


- 


ns 




t WP 


Write Command Pulse Width 


15 


- 


15 


- 


20 


- 


ns 




tRWL 


Write Command to RAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




t CWL 


Write Command to CAS Lead 
Time 


20 


- 


20 


- 


25 


- 


ns 




^S 


Data Set-Up Time 





- 





- 





- 


ns 


11 


tDH 


Data Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


t DHR 


Data Hold Time referenced 
to RAS 


55 


- 


60 


- 


75 


- 


ns 




t REF 


Refresh Period 


- 


8 


- 


8 


- 


8 


ms 




twcs 


Write Command Set-Up Time 





- 





- 





- 


ns 


12 


tCSR 


CAS Set-Up Time 

(CAS before RAS Cycle) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 

(CAS before RAS Cycle) 


30 


- 


30 


- 


30 


- 


ns 




tRPC 


RAS to CAS Precharge Time 





- 





- 





- 


ns 




t CPT 


CAS Precharge Time 
(CAS before RAS Counter 
Test Cycle) 


40 


- 


40 


- 


50 


- 


ns 




tCPN 




CAS Precharge Time 


10 


- 


10 


- 


15 


- 


ns 





CAPACITANCE (V CC =5V±5%, f=lMHz, Tc=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


CI1 


Input Capacitance (A0^A8) 


- 


161 


pF 


CI2 


Input Capacitance (W) 


- 


168 


pF 


CI3 


Input Capacitance (RAS0^RAS3) 


- 


42 


pF 


CI4 


Input Capacitance (CAS0^CAS3) 


- 


42 


pF 


CDQ1 


I/O Capacitance (DQ0a,7, 9^16, 18^25, 27^34) 


- 


29 


pF 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 


- 


39 


pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to V"ss« 

3- Icci» X CC3» I CC4» X CC6 depend on cycle rate. 

4. Icci> *CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t-p=5ns. 

7. Vjjj(min.) and V^x/max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj H and Vj L . 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max «) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^^ or tj^g must be satisfied tor a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. t^cs is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If ty CS £ ty^Cmin. ) , the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the t^j)(max.) limit insures that tj^c( max# ) can ^ e met « 
tRcj)(max.) is specified as a reference point only: If tRCD I s greater than 
the specified t RCD (max.) limit, then access time is controlled by t^C* 

14. Operation within the t^^Cmax.) limit insures that tj^^Cmax.) can be met. 
t RAD( max ') * s specified as a reference point only: If tj^p is greater than 
the specified tj^j)(max.) limit, then access time is controlled by tpj^. 
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READ CYCLE 




OPEN 



YJJX : "H" or "L" 



0-71 - 
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EARLY WRITE CYCLE 



RAS0-RAS3 



VlH- 
VlL- 



tCRP , 



CAS0-CAS3 



v IH — 



*ASR 



A0-A8 



VlH 
VlL 



tRAS 



t RCD 



tCSH 



W -^-J / 



*AR 



l RAD 



t RAH 



ROW 



tASC 



l RSH 



l CAH 



COLUMN 



tCRP 



twCR 



twCR 



WRITE 



'Z 



v IL <({{(((/{{(/ (U ( I (((ft fir 



DQ0HDQ35 



tCWL 



twCH 



twp 



/////////////////////////, 

+///////////////////////// 




V/7\ : "H" or "L" 
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FAST PAGE MODE READ CYCLE 



RASO-SasT 



CASO-CAS3 



AO-A8 



VlL- 



V IH' 



VlH" 



\ 



.^CRP 



tASR 



WRITE m 7/ 

v IL -/2 



DQO-DQ35 



vol — 



tRASP 



y"v_ 



tRCD 



'^; 



*AR 



tRAH tASC 



KOW -$%. CO- 'M.. C ° 



tRAD 



fRCS 



t CAH 



tCP 



ASC 



*RAC 



tCLZ 



l RCH 



tCAC, 



tpc 



fat 



CAS 



tCAH 



_*CP 



r 

t ASC 



Y 



tRCS 



}- 



tOFF 



VALID tCLZ 

DATA-OUT 




tRCH 



fa 



tRSH 



^CAS r 



'RAL 



t CAH 



COL 



to 



tQFF 



> 



VALID *CLZ 
"DATA-OUT " 



^RP 



tCRP 



'& 



'iiiiiiiiii, 



JRRtj 



tRCH 



tQFF 



^ 



VALID 
DATA-OUT 



VTh i "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



RAS0-RAS3 



CAS0-CAS3 



A0~A8 



WRITE 



DQ0-DQ35 



v IH _ 




\ 












tRASP 












r 

*CRP 




Vtt — 


r - 


\. 






l PC 


tRSH 




tcRP 

Lr— , 


tRCD 


fCP 


liCP 








VlH- f 
VTL / 










1 










t AR 


\N 




V 


l ASC 




V 1 

tASC 


\v~ 


:/ 












*cah 




*RAI 






tASR 


tRAH tASC, 






l CAH 




tCAH 










K 




'M- 


k 






Z-M 


~.*°"W/ 


COL 


COL > 


«;»» 






l RAD 








.^CWL 












tWCR 














tWCH 


twcs 






te 


twp 


twCH 


twcs 


twCH, 








m 


twp 




^1 


twp 




r 




2-W///////////A 




r- 








/ 






V 




*DS 




tDH 


tDS 




l DH 


*DS 




tDH 








k%: 




<%; 






n 




ZJ////////////M 


VALID 
DATA-IN 


VALID ^ 
DATA-IN J 


VALID 
DATA-IN 


H 








tDHR 

















^ : "H" or "L" 
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RAS ONLY REFRESH CYCLE 
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RAS0HRAS3 



CASO-CAS 3 



A0-A8 



*IH 



nh 



nn 



V IL 



'IH 




Note: WRITE="H" or M L' 



: "H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 



RAS0-RAS3 



VlH — 



V IL 



Nt 



tRPC 



CAS0-CAS3 



DQ0MDQ35 



VlL 



VOH 

vol 



AA 



tCPN 



CSR 



l RC 



*RAS 



T CHR 



tOFF 



> 



OPEN 



t RP 



: "H" or "L" 



Note: WRITE="H" or "L", A0~A8-"H" or "L 
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HIDDEN REFRESH CYCLE (READ) 



RAS0-RAS3 



nn 



nh 



*CRP 



CASO-CAS 3 



VlL— - 



USR 



A0-A8 



, IL ___ 



tRC 



t RAS 



tRAD 



tAR 



tRAH USC 



WRITE IH 7J> 



DQO-DQ35 



VOH" 




tRCS 



tRSH 



t.RAL 



tCAH 



COLUMN 



*RF 



V 



tRAC 



tCLZ 



tRRH 



*CAC 



l RAS 



Y 



tCHR 



■V' 



mmm, 



wm 



*OF£, 



VALID DATA-OUT 



V77\ ' "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



RAS0HRAS3 



CASO-CAS3 



VlH 
VlL 



VlH 



tCRP 



tASR 



V IH ~~ 
VlL — 



*RC 



t BP 



*RCD 



r AR 



tRAH l ASC 



ROW 



tRSH 



t CAH 



COLUMN 



*w:r 



• Vffl -777777777777777A _ 

vii - /////////////////X- 



%cs 



DQ0HDQ35 



v ih —7 J 

VlL " 



m: 



*RWL 



tRAS 



^ 



tCHR 



/ 



M 



tWTH 



twp 



„ ////////////////////////////////////////// 

%/////////n/ u//////i//m/// /////////u/( 



m 



VALID DATA-IN 



tDHR 



YZA : "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



rasohrasS 




H" or "L" 
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OUTLINE DRAWINGS 



THM365120AS 



Unit in mm 



3.3 8 ±0.10 



2.0 3 ±0.10 



63 5 






10 7.9 5± 0.1 3 



10 1.1 9±0.1 3 



fc |i i n j m i y r 



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



1.27 



^ 



R 1.5 7 ±0.0 5 



6.3 5 ± 0.0 3 



9 5.2 5±0.0 5 



8.89 MAX. 



+0.10 
1.2 7-0.08 



DETAIL OF CONTACTS 









1 




2 

s 


~ 


© 


















1 






1.27 




| 1.04 ±0.03 
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TOSHIBA MOS MEMORY PRODUCTS 

8,192 WORD X 8 BIT CMOS STATIC RAM TC5563APL-1 0, TC5563APL-1 2 
S.L.CON GATE CMOS TC5563APL-1 5 



DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8, 1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 100ns/1 20ns/1 50ns. 

When CE2 is a logical low or CE1 is a logical high, 
the device is piaced in low power standby mode in 
which standby current is 2//A typically. The 
TC5563APL has three control inputs. Two chip 
enables (CE1, CE2) allow for device selection and 
data retention control, and an output enable input 



(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro- 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 

• Standby Current : 100^A (Max.) Ta = 70°C 

• Access Time 
TC5563APL-10 : 100ns (Max.) 
TC5563APL-12 : 120ns (Max.) 
TC5563APL-15 : 150ns (Max.) 

• 5V Single Power Supply 

PJN CONNECTION (TOP VIEW) 



TC5563APL 



64k bit EPROM 
TMM2764D 



N.C. 
A12 
A7 
A6 
A5 
A4 
A3 
A2 C 
Al C 
Ao C 
I/O 1 C 
I /0 2 C 
I/O3C 

ondc 



3 V D d 

3 C k\2 
3 AB 
3 A9 
3 A0_1 
3 0E 
3A10 
3C1T 
3 1/08 
3 1/07 
3 1/06 
3 I/O 5 
3 1/04 



vpp 

A12 



[ I 



A6 
A 5 £ 
A4 C 
A3 t 
A2 C 
Al C 
AO C 

00 c 

01 C 

02 c 

OND C 



3 V,^_ 
] PGM 
3 N.C. 
3 A 8 
3 A9 
3 AH 
30~E 
3 A10 
] C~F 
3 7 
3 6 
3O5 
I 4 
3 O3 



PIN NAMES 



Ao~Ai2 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE7, ce 2 


Chip Enable Inputs 


l/Oi~l/0 8 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



• Power Down Features : CE2, CET 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0-5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 



Package Type 


Device Name 


600 mil DIP 


*TC5&65APL 


300 mil DIP 

(Slim Package) 


TC5563APL 


Flat Package(SOP) 


*TC5565AFL 



* ) See TC5565APL Technical Date. 



BLOCK DIAGRAM 



I CLUCK U PHKCHARGK I 

| OKNKRATOH f] CIHCUIT J 
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TC5563APL-10, TC5563APL-12 
TC5563APL-15 



OPERATION MODE 



OPERATION MODE 


CEi 


CE 2 


OE 


R/W 


I/O, -I/Op 


POWER 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



: H or L 

MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0 3*-7.0 


V 


Vi o- 


Input and Output Voltage 


-0 5-Vdd + 5 


V 


Pd 


Power Dissipation 


0.8 


W 


TSOLDER 


Soldering Temperature 


260-10 


C*Sec 


TSTG 


Storage Temperature 


-55-150 


; C 


Topr 


Operating Temperature 


0-70 


C 



* : - 3.0V at Pulse width 50ns 
D. C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


<5.b 


V 


Vih 


Input High Voltage 


2 2 


- 


Vdd + 0.3 


V 


VlL 


Input Low Voltage 


-0 3* 


_ 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



: -3 OVat Pulse width 50ns 

D. C and OPERATING CHARACTERISTICS 



(Ta = 0-70°C, Vdd = 5V±10%) 



SYMBOL 


PARAMETER 


TFST CONDITION 


MIN. 


TYP. 


MAX 


UNIT ' 


IlL 


Input Leakage Current 


Vin = 0~Vdd 


- 


- 


±1 


//A 


lOH 


Output High Current 


Voh = 2.4V 


-1.0 


- 


- 


mA 


IOL 


Output Low Current 


Vol = 0.4 V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage Current 


CE7=Vih orCE 2 = Vi L or 
R/W = Vil orOE=Vi H 

Vout = — Vdd 


- 


- 


±1 .0 


*A 


Iddoi. 


Operating Current 


Vdd = 5.5V lout=0mA 

CEi~=Vil 

CE 2 =Vih 

Other Input 

= Vih/Vil 


tCYCLE^ 1 f/S 


- 


- 


10 


mA 


tcvcLE= Mm. cycle 


- 


- 


45 


mA 


IDD02 


Operating Current 


Vdd = 5.5V 
CET=0.2V 
CE 2 = Vdd -0.2V 
Other Input lout=0mA 
= Vdd-0.2V/0.2V 


tCYCLE= 1//S 


.- 


- 


5 


mA 


tcYCLE= Mm. cycle 


- 


- 


40 


mA 


Iddsi 


Standby Current 


CE~i = Vih orCE 2 = Vi L 


"- 


- 


3 


mA 


*lDDS2 


Standby Current 


CEi = Vdd-0.2V or 

CE 2 = 0.2V 

Vdd = 2.0~5.5V 


-■ 


2 


100 


//A 



* : In standby mode with CEi^Vdd-0.2V, these specrfication limits are guaranteed under the condition of CE 2 ^Vdd-0.2V or 
CE 2 ^0.2V. 
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CAPACITANCE (Ta = 25 C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX 


UNIT 


CiN 


Input Capacitance 


Vin = GND 


10 


PF 


CoUT 


Output Capacitance 


Vout = GND ^ 


10 


pF 



Note : This parameter periodically sampled is not 100% tested. 



A. C. CHARACTERISTICS 



(Ta = 0~~70'C, Vdd-5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10 


TC5563APL-12 


TC5563APL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


_ 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


_ 


100 


1 - 


120 


_ 


150 


ns 


tccn 


CE1 Access Time 


- 


100 


- 


120 


~ 


150 


ns 


tC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


ns 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


ns 


tcOE 


Chip Enable (CE1 , CE2) to 
Output in Low-Z 


10 


- 


10 


_ 


15 


_ 


ns 


tOEE 


Output Enable to Output m Low-Z 


5 


_ 


5 


_ 


5 


' =r ~~" 


ns 


too 


Chip Enable (CET, CE2) to Output in High-Z 


_ 


35 


__ 


40 


_ 


r^5(F~ 


ns 


tODO 


Output Enable to Output in High-Z 


_ 


35 


_ 


40 


_ 


50 


ns 


tOH 


Output Data Hold Time 


20 


._ 


20 


- 


20 


- 


ns 



Write Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10 


TC5563APL-12 


TCS563APL-15 


UNIT 


MIN. 


MAX. 


MIN 


MAX 


MIN. MAX 


twc 


Write Cycle Time 


r TocT~ 


- 


120 


- 


150 


— J ns 


tWP 


Write Pulse Width 


60 


~ 


70 




90 


_ 


ns 


tew 


Chip Selection to End of Write 


I £^~~ 


- 


85 


_ 


100 


- 


ns 


tAS 


Address Set up Time 





- 





- 





- 


ns 


twR 


Write Recovery Time 





~ 





- 





- 


ns 


tODW 


R/W to Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tOEW 


R/W to Output in Low-Z 


5 


_ 


5 


- 


10 


_ 


ns 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


ns 


tDH 


Data Hold Time 


o -1 


- 





- 





- 


ns 



A. C. TEST CONDITIONS 



Output Load 




100pF+1 TTL Gate 


Input Pulse Level 




0.6V, 2.4V 


Timing Measurement 


VlN 


8V, 2.2V 


Reference Level 


VOUT 


0.8V, 2.2V 
5ns 
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TIMING WAVEFORMS 

• READ CYCLE (1) 



ADDRESSES 



CE 2 



C Kj 



D OUT 





ti 


^C 


- 






VlH— \ 
ViL — / 


rv IH 


^ 


i 




t ACC 




t OH 


X-W//A 


tC02 




wmmwm 




t C01 


tQD 




:i: =« 


S 




Mil 


'//////. 






r 

t OE 


j 


t OD 






:::=« 


& 


^ 




'/////////////////////////, 








r 

t OEE 




t ODO 








tCOE . 


UNKNOWN 


t \ 


Wl 


\ 


v OH 

Vol — 




t COE 


OUTPUT DATA VALID 
X J 


\ — 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES V IH 



R/W 



CEij 





O 


- - 


VlH - 
ViL " 


: x 




. t AS , 


t WP _ t WR 








:' 






VlH - 
ViL " 




wwwm 


/ 










VlH - 


■J/////////////M 


L 


\ 

t CW 


wmmmm 




. mm 


. «. 

t CW 




VlH- 

v T T, - 


-m\\\\\\\m 


\ 


A 

i 


*///////////////////////, 




-»■ 


t ODW 


toEW 














MfflHMW 


^^~ 




«K»H 




t DS 










N tDH 






X 








V IH ■ 
ViL - 








^ DATA IN : 
STABLE 
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• WRITE CYCLE 2 (4) (CE1 Controlled Write) 



ADDRESSES 



R/W 



ViL 



X 



l AS 



:;;-« 



VlH — ~ 
ViL — 



VlH 
ViL 



^V 



\™-JMMMW 



\ JA 



\ 



^ 



t cw 



tODW 



/ 



t DHl 



DATA IN ^t/ 

STABLE IX 



m 



• WRITE CYCLE 3 (4) (CE2 Controlled Write) 



twc 



ADDRESSES 


VlH - \; 
ViL— / 


: x 




tAS .« 


t WP 


tWRl 












,< 






R/W 


:i:=M^^ 


n 


W////////////////M 




VlH — 








CE 2 


•um 


L 


V 

r "CW 


>« 








I t CW 




CE 2 


;i:.-\\\\\\\m 


-<m 


V 


i l 


>'///////////////////////, 






tCOE 


tODW 








® 


m 


^ 




D OUT 




W 


*r 


t DS 








tDHI 












Din 


V IH — 
ViL — 








>4 


C DATA IN * 
- STABLE ; 


k_ 
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TC5563APL-10, TC5563APL-12 
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Note : 
1 . R/W is High f or Re ad cycle, 

2 . Assuming that CEi low transition of CE2 High transition occurs coincident with or after R/W Low transition , Outputs 
remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2I0W transition occurs coincident with or prior to R/W High transition 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period 

DATA RETENTION CHARACTERISTICS (Ta = 0~70'C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2Ap 


- 


5.5 


V 


IDDS2 


Standby Supply Current 


Vdd = 3.0V 
Vdd-5.5V 


_ 


_■ 


50 


//A 


_ 


100 


M* 


tCDR 


Chip Deselection to Data Retntion Mode 





- 


- 


//S 


tR 


Recovery Time 


tRC* 


- 


- 


ns 



* : Read cycle time. 

• CET Controlled Data Retention Mode (1] 




• CE2 Controlled Data Retention Mode (3) 
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TC5563APM0, TC5563APL-12 
TC5563APL-15 



Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V or CE2^Vdd-Q.2V. 

2. If the Vih of CEi is 2.2V in operation , Iddsi current flows during the period that the Vdd voltage is going down 
from 4 5V to 2 4V. 

3. In CE-2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology, thus ih« internal operation 

is synchronous. Then once row address change occur, the precharge operation is executed by internal pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as shown 

in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1/zF. decoupling 
capacitor for every device is recommended to eliminate such noise. 



ADDRESSES 



V DD = 5.5V 

V IH =5 - 3V 

V n = Q2V 

Horizon 200nb\/div 





























(mA) 
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\ 
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Pig. TYPICAL CUHRENT WAVEFORMS 
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TC5563APL-10, TC5563APL-12 
TC5563APL-15 

OUTLINE DRAWINGS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

21 20 19 18 17 _ 

ir[n rp rp rp rp rp f|i 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit: 

rfi if if 11 ' 




• p l|j lb lJj l|j ih UJ i dj l|j Lp l[j l|j "ujj Tir 

12 3 4 5 6 7 8 9 10 11 12 13 14 




Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 



Note : Toshiba does not 3ssume any responsibility for use of any circuitry described . no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 



TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 



DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8, 1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply . Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1_OOns/1 20ns/ 1 50ns. When CE2 is a 
logical low or CE1 is a logical high, the device is 
placed in low power standby mode in which standby 
current is . 6//A typically . The TC5563APL has three 
control inputs. Two chip enables (CE1 , CE2) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 

FEATURES 

• Low Power Dissipation 
27.5m\A//MHz (MAx.) Operating 

• Standby Current : 1//A (Max.) Ta = 25°C 

• Access Time 
TC5563APL-10L : 100ns (Max.) 
TC5563APL-12L : 120ns (Max.) 
TC5563APL-15L : 150ns (Max.) 



access. Thus the TC5563APL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 



• 5V Single Power Supply 

• Power Down Features : CE2, CE1 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0-5. 5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 



PIN CONNECTION (TOP VIEW) 



TC5563APL 



64k bit EPROM 

TMM2764D 




vppc 1 



A12C 2 
A7[ 3 

AeC 4 

A5I 5 
A4C 6 
A3C7 
A2C8 
Al[9 
AOt 10 
00 [ 11 
0l[ 12 
02c 13 
ONDC 14 



3 VCC 

3 Pom 

3N.C. 
]A8 
3A9 
3 AH 
3 0E 
3aio 



20 jcT 

19 ]07 
18] 6 
17 JO5 
16 1O4 
15 3O3 



PIN NAMES 



Ao^~Ai2 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


ceT, ce 2 


Chip Enable Inputs 


I/Oi-I/Ob 


Data Input/Output 


Vdd 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



Package Type 


Device Name 


600 mil DIP 


*TC5565APL 


300 mil DIP 
(Slim Package) 


TC5563APL 


Flat Package(SOP) 


*TC5565AFL. 



* : See TC5565APL/AFL Technical Date. 
BLOCK DIAGRAM 



Vdd 

QND 
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TC5563APL-10L, TC5563APL-12L 
TC5563APM5L 



OPERATION MODE 



OPERATION MODE 


CEl 


CE 2 


OE 


R/W 


1/0,-1/0. 


POWER 


Read 


L 


H 


L 


H 


Dour 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



* : H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


VlN 


Input Voltage 


-0.3*-7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vdd + 0.5 


V 


Pd 


Power Dissipation 


0.8 


w 


TSOLDER 


Soldering Temperature 


260-10 


°C-Sec 


TsTG 


Storage Temperature 


-55-150 


°C 


Topr 


Operating Temperature 


0-70 


°C 



-3.0V at Pulse width 50ns 



D. C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP 


MAX. 


UNIT 


Vdd 


Puwer Supply Vuiiaye 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


V 


Vil 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



-3.0V at Pulse width 50ns 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-1 



D. C and OPERATING CHARACTERISTICS (Ta=0~70C, Vdo=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin = 0-Vdd 


- 


- 


±1 .0 


//A 


lOH 


Output High Current 


Voh = 2.4V 


-1 .0 


- 


- 


m'A 


IOL 


Output Low Current 


Vol = 0.4V 


4.0 


• - 


- 


mA 


Ilo 


Output Leakage Current 


CE7=Vih or CE2=Vil or 
R/W=Vnor OE = Vih 
Vout^O — Vdd 


- 


- 


±1.0 


*A 


Iddoi 


operating Current 


Vdd = 5.5V lout=0mA 

CET=Vil 

CE 2 = Vih 

Other lnput=ViH/ViL 


tCYCLE=1/*S 


- 


- 


10 


mA 


tcYCLE = Min. cycle 


-• 


- 


45 


(DD02 


Operating Current 


Vdd = 5.5V 

CET=0.2V 

CE 2 = Vdd-0.2V 

Other Input. lout=0mA 

=Vdd-0.2V/0.2V 


tCYCLE=1^S 


- 


- 


5 


mA 


tcYCLE = Min. cycle 


- 


- 


40 


Iddsi 


Standby Current 


CE7=Vih orCE 2 =Vi L 


- 


- 


3 


mA 


*IdDS2 


Standby Current 


CE7=V D D-0.2Vor 
CE 2 =0.2V 


Ta = 25°C 


- 


0.6 


1.0 


■ „A 


Ta = 0~70'C 


- 


- 


30 



* : In standby mode with CEi^Vdd~0.2V, these specification limits are guaranteed under the condition of ,CE2^Vdd — 0.2V or 
CE 2 ^0.2V 



CAPACITANCE (Ta = 25C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin = GND 


10 


pF 


COUT 


Output Capacitance 


Vout = GND 


10 


pF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 



A. C. CHARACTERISTICS 



(Ta = 0-70°C, Vdd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10L 


TC5563APL-12L 


TC5563APL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


__ 


100 


- 


120 


- 


150 


tcoi 


CE1 Access Time 


- 


100 


- 


120 


- 


150 


tC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


tcOE 


Chip Enable (CET, CE2) to 
Output m Low-Z 


10 


- 


10 


- 


15 


- 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


_ 


tOD 


Chip Enable (CE1~, CE2) to Output in High-Z 


- 


35 


- 


40 


- 


50 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOH 


Output Data Hold Time 


20 


- 


20 


- 


20 


- 



Write Cycle 



SYMBOL 


PARAMETER 


TC5563APL-10L 


TC5563APL-12L 


TC5563APL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


60 


- 


70 


- 


90 


- 


tew 


Chip Selection to End of Write 


80 


- 


85 


_ 


100 


- 


tAS 


Address Set up Time 





- 





_ 





- 


tWR 


Write Recovery Time 





- 





- 





_ 


tODW , 


R/W to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOEW 


R/W to Output in Low-Z 


5 


~ 


5 


- 


10 


- 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 



A. C. TEST CONDITIONS 



Output Load 




100pF+1 TTL Gate 


Input Pulse Level 




0.6V, 2.4V 


Timing Measurement 


VlN 


0.8V, 2.2V 


Reference Level 


VOUT 


0.8V, 2.2V 


tr, tf 




5ns 
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TIMING WAVEFORMS 

READ CYCLE (1) 



TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 



ADDRESSES 



CE2 



D OUT 



VIH — \^TE 



"tACC 



VlH 

VlL 



VlH — \\ 

v IL — \\ 



VlH — \\ 
V IL — \\ 



^OL 



^~: 



si 



t C01 



& 



t COE 



Y. 



tQH 



1 



WL 



M 



OUTPUT DATA VALID 



UNKNOWN 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 



t wc 



ADDRESSES 


V IH 
VlL 

VlH - 
VlL " 

V IH - 
VlL - 

VlH - 
VlL - 

VlH - 
VlL - 


~~y 


t \ 


«: 




t AS t WP 
r- «| - - 


t WR 




P/W 




^\\m\\ 


>' 


/ 










c ®2 


-W 


w/////////\ 


tew 


m\\m%\« 




am «» 

' t CW 




C% 


=\\\\\\\\\\\\W 


l l 


W///////////////////// 






t ODW 


tOEW 




mmzwm 




WffllEM* 




iY 


V 






"tDS 


t DH 












Din 






\r DATA IN 5 
yS r STABLE 


d 
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TC5563APL-10L, TC5563APH2L 
TC5563APH5L 

• WRITE CYCLE 2 (4) (CEi Controlled Write) 



t wc 



ADDRESSES 



VlH — V 
VlL- A 



.:;-& 



CE 2 



'IH-77 



u UT 



X 



L AS 



t WP 



,& 



& 



W 



\ 



'« 



tew 



t COE 



mm 



t ODW 



t DS 



a 



/ 



t WRl 



DATA IN y 

STABLE f \ 



• WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



R/W 



CE 2 



CEi 



D OUT 



J IN 



VlH - \j 
Vtt. - / 




it 




, t AS m 




t WP 


tWRl 




;i»=\\\\\\w 


Mm 


/ 


'///////////////////////A 










V IH — 

VlL ~~ i 


mmz 


s 
tew 


S. 

v„ , ■■- - 




1 fc cw 




i-mmd 


s»l 


1 

A 


W/////////////////M 




tCOE 


tODW 

\\ 




tDS 


tDHl 


VlH" 
Vtt, ~ 






~"\^~ DATA IN 

/\ STABLE 


~fc 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 



Note : 
1 . R/W is High fqr_Read Cycle. 

2. Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occures coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE"is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA net BHTlOn CHARACTERISTICS (Ta =o~ 70-C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Stand by Supply Current 


Vdd = 3.0V 


— 


— 


15 


//A 


Vdd = 5.5V 


- 


- 


30 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


MS 


tR 


Recovery Time 


tRC* 


- 


_ 


ns 



* : Read cycle time. 



• CE1 Controlled Data Retention Mode (1) 



4.5V ■ 



(2) 



CEi 



DATA RETENTION MODE 



V DD -0.2V 




CE2 Controlled Data Retention Mode (3) 
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TC5563APL-10L, TC5563APL-12L 
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Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 

0.2VorCE 2 ^VDD-0.2V. 

2 . If the Vih of CEi is 2 . 2V in operation , Iddsi current flows during the period that the Vdd voltage is going down from 

4.5V to 2.4V. 
3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2V. 

DEVICE INFORMATION 

The TC5563APL/F is an asynchronous RAM using 
address activated circuit technology, thus the inter- 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
*\juF decoupling capacitor for every device is 
recommended to eliminate such noise. 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



(idA) 20 

























■; 


i 


























i 




























| 






















1 






1 




































, 











V DD =&5V 

v IL =azv 

Horizon lOOnS/div 



Fig, TYPICAL CURRENT WAVEFORMS 



h rp rp rp rp rfa rp 



rf» rp rp rp rp tyi rfo, 



tnjj Oj tjj uj Uj Uj l t-b l|j Uj Uj l|j Uj til 



-t 



^'JJ, 



MIIM! 



tito[wm£~ifflT 



! ! ! ! ! si f ^ 



Note : Lead pitch is 2 . 54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 



Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 

without notice, to change said circuitry. 
©May, 1 986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 



TC5565APL-10, TC5565APL-12, TC5565APL-15 
, , TC5565AFL-10. TC5565AFM2, TC5565AFL-15 

[DESCRIPTION! 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words 
by 8 bits using CMOS technology, and operates from a single 5V supply. Advanced cir- 
cuit techniques provide both high speed and low power features with a maximum operat- 
ing current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE2 is a logical low or CE1 is a logical high, the device is placed in low power 
standby mode in which standby current is 2yA typically. The TC5565APL/AFL has three 
control inputs. Two chip enable (CE1, CE2) allow for device selection and data re- 
tention control, and an output enable input (OT) provides fast memory access. Thus 
the TC5565APL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM2764D) . 
RAM and EPROM are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of RAM versus EPROM in microprocessor application 
systems. The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 



FEATURES 



Low Power Dissipation 

27.5mW/MHz(Max.) Operating 

Standby Current : 100/jA(Max.) Ta*70°C 

Access Time 

TC5565APL/AFL-10 : 100ns (Max.) 
TC5565APL/AFL-12 : 120ns(Max.) 
TC5565APL/AFL-15 : 150ns(Max.) 

5V Single Power Supply __ 

Power Down Features: C£2» CE1 

Fully Static Operation 

Data Retention Supply Voltage: 2.0-5. 5V 

(TOP VIEW) 



PIN CONNECTION 



TC5565APVAFL 



64k bit EPROM 
TMM2764D 



N.C. C 

A 12 C 2 

A7 C 3 

A6 C 4 

A5 c 5 

A4 C 6 

A3 C 7 

A2 C a 

Al C 9 

AO C 10 

I/OlC 11 

I/OgE 12 

I/0 3 C 13 

QNDC 14 



PIN NAMES 



28 3 V DD 

27 3 R/W 

26 3 CE 2 

25 3 A 8 

24 3 A 9 

233 A n 

223 OT" 

203 VtSi 
19 3 I/O3 
18 3 I/O7 

17 5 r/o 6 

16 3 I/O5 
15P I/O4 



VppCl 

A 12 c 2 

A 7 C 3 
A 6 C 4 
A 5 C 5 
A 4 C 6 
A3 C 7 
A 2 £ 8 
Ai C 9 
A t 10 
°0 I 11 
Ol [ 12 
Z I 13 
GND C 14 



PW 



28b V r 
273 

263 N.C. 

25 3 A 8 

24 3 A 9 

233 An 

223 OT 

213 Ai 

203 C"ff 

19 3 7 

18 3 6 

17] 5 

16 3 4 

15 P 3 



A0-A12 


Address Inputs 


R/W 


Read/Write Control Input 


0E 


Output Enable Input 


CE1.CE2 


Chip Enable Inputs 


I/01-I/08 


Data Input/Output 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



Directly TTL Compatible 

: All Inputs and Outputs 
Pin Compatible with 2764 type EPROM 
TC5565APL Family (Package Type) 



Package Type 


Device Name 


600 mil DIP 


TC5565APL 


300 mil DIP 
(Slim Package) 


*TC5563APL 


Flat Package 
(SOP) 


TC5565AFL 



See TC5563APL Technical Data. 




CE 2 o-£>o-<i-N 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-1 2, TC5565AFL-15 



OPERATION MODE 



OPERATION MODE 


CEl 


CE2 


OE 


R/W 


I/01-I/08 


POWER 


Read 


L 


H 


L 


H 


DOUT 


r DDO 


Write 


L 


H 


* 


L 


din 


IDDO 


Output Deselect 


L 


H 


H 


H 


High-Z 


*DDO 


S tandbv 


H 


* 


* 


* 


High-Z 


Tdds 


* 


L 


* 


* 


High-Z 


Tdds 



: H or L 



MAXIMUM RATI 


NGS 








SYMBOI 


ITEM 


RATING 


UN r i 


i 


vdd 


Power Supply Voltage 


-0.3-7.0 


V 




'■' L '', 


Input Voltage 


*-0. 3-7.0 


V 




"v'l/O 


Input and Output Voltage 


-O.S-Vdd+0.5 


v 


j 


*D 


Power Dissipation 


1.0/0.6** 


w 




T s older 


Soldering Temperature 


260-10 


°C-sec 


i 

• 

i 


1 T stg 


Storage Temperature 


-55-150 


°C 


Topr 


Operating Temperature 


0-70 


°c 


| 



-3.0V at pulse width 50ns MAX. 



** flrit package 



D.C RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


VDD+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TG5565AFL-10, TC5565AFL-12, TC5585AFL-15 



D.C and OPERATING CHARACTERISTICS (Ta-0-70°c, V DD -5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage 
Current 


Vin«0~VdD 


- 


- 


±1.0 


MA 


* OH 


Output High Current 


V OH »2.4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Current 


VOL=0.4V 


4.0 


- 


- 


mA 


lLO 


Output Leakage 
Current 


CEi^Vih or CE2 5S Vql or 
R/W=V IL or OE=Vi H 
VoUT'O-VDD 


- 


- 


±1.0 


liA 


I DD01 


Operating Current 


V DD =*5.5V 
CEI-Vil 
CE2-VIH 
Other input= 

vih/vil 


tcycle" 1 * ^ 


• 


- 


10 


mA 


TC5565APL-10 
TC5565AFL-10 


tcycle 
=I00ns 


- 


- 


45 


mA 


TC5565APL-12 
TC5565AFL-12 


tcycle 
=120ns 


- 


- 


40 


mA 


TC5565APL-15 
TC5565AFL-15 


tcycle 
-150ns 


- 


- 


35 


mA 


X DD02 


V DD -5.5V 
CE1-0.2V 
CE2-VDD-0.2V 
Other inputs 
V DD -0.2V/0.2V 


tcycle'l-Ows 


- 


- 


5 


mA 


TC5565APL-10 
TC5565AFL-10 


tcycle 
=*100ns 


- 


- 


40 


mA 


TC5565APL-12 
TC5565AFL-12 


tcycle 
-120ns 


- 


- 


35 


mA 


TC5565APL-15 

TC5565AFL-I5 


tcycle 
=150ns 


- 


- 


30 


mA 


IDDS1 


Standby Current 


CEi^Vxh ot CE2 = Vi L 


- 


- 


3 


mA 


* I DDS2 


CEl=V D D~0.2V or 


V DD =5.5V 


- 


2 


100 


UA 


CE2-0.2V 




V DD *3.0V 


- 


1 


50 


MA 



Note * : In standby node with CEl^' Vdo-0. 2V, these specification limits are guaranteed 
under the condition of CE2 ^Vd£-0, 2V or CE2^0.2V. 



CAPACITANCE (Ta-25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


'UNIT 


ClN 


Input Capacitance 


Vin=GND 


- 


- 


10 


pF 


COUT 


Output Capacitance 


VouT" GNI) 


- 


- 


10 


pF 



Note t This parameter periodically sampled is not 100% tested. 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

A.C. CHARACTERISTICS (Ta=0^70°C, V DD =5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC5565APL-10 
TC5565AFL-10 


TC5565APL-12 
TC5565AFL-12 


TC5565APL-15 
TC5565AFL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


100 


-. 


120 


- 


150 


- 


ns 


l ACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


ns 


tcoi 


CEl Access Time 


- 


100 


- 


120 


- 


150 


ns 


^C02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


ns 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


ns 


tCOE 


Chip Enable (CEl, CE2) to 
Output in Low-Z 


10 


- 


10 


- 


15 


- 


ns 


^OEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


tOD 


Chip Enable (CEl, CE2) to 
Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 


- 


50 


ns 


tQH 


Output Data Hold Time 


20 


- 


20 


- 


20 


- 


ns 



Write Cycle 
















SYMBOL 


PARAMETER 


TC5565APL-10 
TC5565AFL-10 


TC5565APL-12 
TC5565AFL-12 


TC5565APL-15 
TC5565AFL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


~wc 


Write C"cle Time 


100 


- 


120 


- 


150 


- 


ns 


C WP 


Write Pulse Width 


60 


- 


70 


- 


90 


- 


ns 


c cw 


Chip Selection to End of Write 


80 


- 


85 


- 


100 


- 


ns 


C AS 


Address Set up Time 





- 





- 





- 


ns 


tWR 


Write Recovery Time 





- 





- 





- 


ns 


tODW 


R/W to Output High-Z 


- 


35 





40 


- 


50 


ns 


tOEW 


R/W to "Output Low-Z 


5 


- 


5 


- 


10 


- 


ns 


C DS 


Data Set up Time 


40 


- 


50 


- 


60 


- 


ns 


tDH 


Data Hold Time 





- 





- 





- 


ns 



A.C. TEST CONDITION 



Output Load 
Input Pulse Level 
Timing Measurement Vjn 
Reference Level Vqut 
tr, tf 



lOOpF + 1 TTL Gate 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V,'-' 2.2V 
5ns 
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TIMING WAVEFORMS 
READ CYCLE (1) 



TC5565APL-10, TC5565APH2, TC5565API-15 
TC5505AFL-1O, TC5565AFL-12, TC5565AFL-15 



ADDRESSES 



CE 2 



CEi 



OE 



V IH ~ 
VlL — 






l RC 



V IH —71 
VlL — V 



' - t CQ2 



:s =sm 



D OUT 




t C01 



UNKNOWN 



K 



^ t OH 



1 



XTO S 



wwvwvw 



c OD 



t ODO 



OUTPUT DATA VALID 



(L 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/W 



CEc 



CEi 



D UT 



Din 



V IH — \/ 



_lwc 



^AS H 



VlH — 

V IL — 



^ 



V IH 

V IL — 



^WP . 



/ 



t CW 



^^ 



"IH — , 



xwwwwmc 



tew 



V V 
(2) 



*ODW 



VlH — 
VlL — 



tps 



X 



W///////////////////A 



ypM 



13) 



\ C DATA IN 5 c/ 

/j r STABLE J \ 



*DH 
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TC5565APM0, TC5565APL-12, TC5565APL-15 
TC5565AFM0, TC5565AFL-12, TC5565AFM5 



WRITE CYCLE 2 (4) (CFl Controlled Write) 



t wc 



ADDRESSES 



R/W 



CE 2 



CE 1 



^OUT 



D IN 



v IH __ y 



X 



V IH -^ 



V IH — 
'iL — 



W 



VlH — 
VlL — 



'IH — 
'IL — 



£ 



E 



^ 



t WP 



^ 



1 



'« 



r cw 



t COE 



^ODW 



Wfr 



/ 



Z WR 



X 



DATA IN 
STABLE 



3< 



& 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



R/W 



"IH 



- tf 



CEc 



CE X 



Dqut 



»IN 



twc 



ft""" 



,„ X AS 



VlH — 
V IL — 1 



VlH 
VlL 



V IH 

V IL 



VlH 
VlL 



^ 



,« 



X W? 



* cw 



\ 



11 cw 



tCOE 



+— 



c ODW 



"tWR 



t DS J ^DH 

Y* DATA IN \T 

/ \ STABLE / \ 
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TC5565APL-10, TC5565APM2, TC5565APL-15 
TC5565AFM0, TC5565AFL-12, TC5565AFH5 

Note 1. R/W is High for Read Cycle. 

2. Assuming that CEl Low transition of CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEl High transition or CE2 Low transition occure coincident 
with or prior to R/W High transition, Outputs remain in a high impedance 
state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 



DATA RETENTION CHARACTERISTICS (Ta=0~70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


X DDS2 


Stand by Supply Current 


V DD =3.0V 


- 


- 


50 


UA 


V D D^5.5V 


_ 


- 


100 


t CDR 


Chip Deselection to Data Retention Mode 





- 


- 


us 


t R 


Recovery Time 


tRC(l) 


- 


- 


us 



(1) 



Read cycle time. 



CEl Controlled Data Retention Mode (2) 

1 DATA RETENTION MODE 



V DD 
5.5V 

VlH 
OND 



(3) 



cTJ" 



t CDR 



v DD -a2V 



(3) 



■- *R J 



CE2 Controlled Data Retention Mode (4) 

VDD 
4.5 V 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 



Note 2 : In CEl controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2^0.2V or CE2 ^Vnn-°* 2V * 

3 : If the Vih of CEl is 2.2V in operation, IpDSl current flows during the 

period that the V^n voltage is going down from 4.5V to 2.4V. 

4 : In CE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2^0.2V. 



DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology, 
thus the internal operation is synchronous. Then once row address change occur, 
the precharge operation is executed by internal pulse generated from row address 
transient. Therefore the peak current flows only after row address change, as 
shown in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 
0.1/jF decoupling capacitor for every device is recommended to eliminate such noise. 



ADDRESSES 



x DDO 
(mA) 



































Vt 


r""""i 








A 




































60 


















































40 








. 


































, 








20 








1 










I 














\ 










\ 








n 


















] 



































Vdd=&5V 
V IH =&3V 
V IL = Q2V 
Horizon 100ns /div 



Pig. TTPICAL CURRENT WAVEFORMS 
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IC5585APH0, TC5565AH.-12, T65585APH5 
TC5565AFL-10, TC5585AFH2, TC5565AFL-15 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Unit in mm 




Note) Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 



MFP 28 PIN OUTLINE DRAWING (F28GC-P) 












Unit in mm 
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. 
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< 
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m 
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+1 

r-t 
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1L8±CL3 








0* 


= 


J 






r~ 






( V 




L 


"innnnnr 


j 


fUUUUU 7 


. Av 






G43±ai 




1.27±Q05 


d 
•H 

d 

Ls ± 
the 


L5±CL4 




Note) Lead p 
of eac 


itch is 1.27 and tolerance 
h lead that is obtained on 


0.12 
basis 


against theoretic 
{ of No.l and No. 2 


al center 
8 leads. 
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TC5565APL-10, TC5565APL-12. TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 
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TOSHIBA MOS MEMORY PRODUCTS 



8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 



TC5565APM0L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L TC5565AFL-12L, TC5565AFL-15L 



DESCRIPTION 

TheTC5565APL/AFL is 65,536 btt static random 
access memory organized as 8, 1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 1_OOns/120ns/1 50ns. When CE2 is a 
logical low or CE1 is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0.6//A typically. The TC5565APL/AFL has 
three control inputs. Two chip enables (CE.1 , CE2) 
allow for device selection an d da ta retention control, 
and an output enable input (OE) provides fast mem- 



ory access. Thus the TC5565APL/AFL is suitable for 
use in various microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/AFL also features pin compati- 
bility with the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5565APL is offered in a dual-in-line 28 pin 

standard plastic package. The TC5565AFL is offered 

in 28 pin mini flat package. 



FEATURES 

• Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

• Standby Current : 1^A (Max.) Ta = 

• Access Time 



25°C 



TC5565APL/AFL-10L 
TC5565APL/AFL-12L 
TC5565APL/AFL-15L 



100ns (Max.) 
120ns (Max.) 
150ns (Max.) 



PIN CONNECTION (TOP VIEW) 



TC5565APL AFL 



64k bit EPROM 
TMM2764]) 




19 ) 1/Oe 

18 ) L/O7 

1? ] 1/06 

I/O5 

I/O4 



vpp[ 1 

A12C2 
A7E 3 
A6C 4 
A5C 5 
A4C 6 
A3C7 
A2t 8 
Al[9 
A0[ 10 
00 [ 11 
0l[ 12 
0-dL 13 

QND[ 14 



W 3VCC 
27 3 PGM 
26 DN.C. 
25 3A& 
24 3A9 
23 ] Ail 
22 JOE 
21 3A1Q 
20 ]CE 
19 ]0 7 
18]0 6 
17]0 5 
16 ] O4 
15 ] 3 



PIN NAMES 



A0--A12 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE7, CE 2 


Chip Enable Inputs 


I/Oi-I/Ob 


Data Inputs/Outputs 


Vdd 


Power ( + 5V) 


GND 


Ground 


N. C. 


No Connection 



• 5V Single Power Supply 

• Power Down Features ; CE2, CE1 

• Fully Static Operation 

• Data^ Retention Supply Voltage : 2.0-5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 



Package Type 



600 mil DIP 



300 mil DIP 

(Stim Package) 



Flat Package(SOP) 



Device Name 



TC5565APL 



*TC5563APL 



TC5565AFL 



See TC5563APL Technical Date. 



BLOCK DIAGRAM 



OND 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 



OPERATION MODE 



OPERATION MODE 


cTi 


CE 2 


OE 


R/W 


l/0iH/O 8 


POWER 


Read 


L 


H 


L 


H 


Dout 


Iddo 


Write 


L 


H 


* 


L 


Din 


Iddo 


Output Deselect 


L 


H 


H 


H 


High-Z 


Iddo 


Standby 


H 


* 


* 


* 


High-Z 


Idds 


* 


L 


* 


* 


High-Z 


Idds 



* : H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3-7.0 


V 


Vin 


Input Voltage 


-0.3*-7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vdd+0.5 


V 


Pd 


Power Dissipation 


1 .0/0.6** 


W 


Tsol.de r 


Soldering Temperature 


260-10 


C-Sec 


Tstg 


Storage Temperature 


-55-150 


°C 


Topr 


Operating Temperature 


0-70 


°C 



* : -3.0V at Pulse width 50ns Max. 

* * : Flat package 



D. C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


Vdd 


Power Supply Voltage 


4.5 


5.0 


c c 


V 


Vih 


Input High Voltage 


2.2 


- 


Vdd + 0.3 


J 


Vil 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


Vdh 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



-3.0V at Pulse width 50ns Max. 
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TC5565APL-10L, TC5565APM2L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFMZL, TC5565AFL-15L 



D. C.and OPERATING CHARACTERISTICS (Ta=0~70C Vdd=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin =0~V D d 


- 


- 


±10 


M A 


'oh 


Output High Current 


V h = 2.4V 


-10 


- 


- 


mA 


lOL 


Output Low Current 


Vol = 0.4V 


4.0 


- 


- 


mA 


Ilo 


Output Leakage Current 


CE t = Vih or CE 2 = Vil or 
R/W = V, L orOE = V| H 
V UT = 0~ V D d 


- 


- 


±1.0 


ma 


Iddoi 


Operating Current 


v DD = 5.5V 

CE, =V (L 
CE 2 = V, H 
Other input = 
Vih/Vil 
Iout = OmA 


tcycle = 1-OjUS 


- 


- 


10 


mA 


TC5563APL-10 
TC5563AFL-10 


t cyc ie ~ 100ns 


- 


- 


45 


mA 


TC5563APL-12 
TC5563AFL-12 


tcycle = 1 20ns 


- 


- 


40 


mA 


TC5563APL-15 
TC5563AFL-15 


tcycle = 1 50ns 


- 


- 


35 


mA 


IDD02 


Vdd = 5.5V 
CEj = 0.2V 
CE 2 = V DD -0.2V 
Other input = 
V DD -0.2V/0.2V 
Iout = OmA 


tcycle = 1-Oms 




- 


- 


5 


mA 


TC5563APL-10 
TC5563AFL-10 


tcycle = 100ns 


- 


- 


40 


mA 


TC5563APL-12 
TC5563AFL-12 


tcycle = 1 20ns 


- 


- 


35 


mA 


TC5563APL-15 
TC5563AFL-15 


tcycle - 150ns 


- 


- 


30 


mA 


Iddsi 


Standby Current 


CEi = Vih orCE 2 « V| L 


- 


- 


3 


mA 


*lDDS2 


Standby Current 


CEi = V DD -0.2V or 


Ta = 25°C 


- 


0.6 


1.0 


MA 


CE 2 -0.2V 




Ta*0~70°C 


- 


- 


30 



* : In standby mode with CE, > V D d~0.2V, these specification limits are guaranteed under the condition of CE 2 > V DD -0.2V 
orCE 2 <0.2V. 

CAPACITANCE (Ta = 25'C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


input Capacitance 


Vin = GND 


10 


pF 


COUT 


Output Capacitance 


Vout = GND 


10 


PF 



Note : This parameter periodically sampled is not 100% tested. 
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TC5565APM0L, TC5565APM2L, TC5565APL-15L 
TC5565AFM0L, TC5565AFL-12L, TC5565AFL-15L 



A. C. CHARACTERISTICS 



(Ta = 0~70°C, Vdd = 5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5565APL-10L 
TC5565AFL-10L 


TC5565APL-12L 
TC5565AFL-12L 


TC5565APL-15L 
TC5565AFL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


100 


- 


120 


_ 


150 


tcoi 


CE1 Access Time 


- 


100 


- 


120 


- 


150 


tC02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable to Output Valid 


- 


50 


- 


60 


- 


70 


tCOE 


Chip Enable (CET, CE2) to 
Output in Low-Z 


10 


- 


10 


- 


15 


_ 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 




5 


_ 


tOD 


Chip Enable (CET, CE2) to Output in High-Z 


- 


35 


- 


40 


~~ 


50 


tODO 


Output Enable to Output in High-Z 


- 


35 


- 


40 




50 


tOH 


Output Data Hold Time 


20 


_ 


20 


- 


20 


- 



Write Cycle 



SYMBOL 


PARAMETER 


TC5565APL-10L 
TC5565AFL-10L 


TC5565APL-12L 
TC5565AFL-12L 


TC5565APL-15L 
TC5565AFL-15L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


'- 


150 


- 


ns 


tWP 


Write Pulse Width 


60 




70 


~ 


90 


- 


tew 


Chip Selection to End of Write 


80 


- 


85 


- 


100 


- 


Us 


Address Set up Time 





- 





- 





- 


tWR 


Write Recovery Time 





- 





- 





- 


tODW 


R/W to Output in High-Z 


- 


35 


- 


40 


- 


50 


tOEW 


R/W to Output in Low-Z 


5 


- 


5 


- 


10 


- 


Ids 


Data Set Up Time 


40 


~~ 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 



A. C. TEST CONDITIONS 



Output Load 




100pF+1 TTL Gate 


Input Pulse Level 




0.6V, 2.4V 


Timing Measurement 


VlN 


0.8V, 2.2V 


Reference Level 


VoUT 


0.8V, 2.2V 


tr, tf 




5ns 
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TC5565APM0L, TC5565APL-12L, TC5565APL-15L 
TC5565AFH0L, TC5565AFL-12L, TC5565AFL-15L 



-TIMING WAVEFORMS 

READ CYCLE (1) 



ADDRESSES VlH V VlH 

V IL ™ AVlL 



D OUT 



V IH — \\ 

VlL — \\ 



VlH — \\ 
V IL — XS 



7 "tcos 



i 



^ 



I 



t CQE 



X 



^^ 



W^ 



M 



M 



OUTPUT DATA VALID 



UNKNOWN 



CL 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/W 



CE 2 



X 



'IL 



VlH 
VlL 



'IH 



YV 

(2) 



X 



t WP 



I 



^ 



st 



"tQDW 



"tDS 



t WR 



M 



t OEW 



DATA IN *l/* 
STABLE _jf\ 



tDH 



•\* A/' 

(3) 



(L 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-1 2L f TC5565AFL-15L 

• WRITE CYCLE 2 (4) (CEi Controlled Write) 



t wc 



ADDRESSES VlH \ 

v TT .— A 


i 2 


J 




t AS 




t WP 


%R 




- 5;i« 


mm 


M////////////////////M 










- ?«■ 


M^_ 


„ ^ai\\i\\\\\\\i 




I t cw 




Oil VlH - > 
ViL — 


«l 


/ 




t COE 


t-ODW 




v/////// 


t DS 


t DH 








V IL — 






> 


£ DATA IN W 
^ STABLE /\ 



• WRITE CYCLE 3 (4) (CEz Controlled Write) 



t wc 



ADDRESSES VlH \ 

vtt. — r 


: k 




- tAS * 


t WP fc ,_ t WR 










,' 






"• S«l| 


»m 


W///////////////////A 










CE Z Vl H — 

ViL — j. 


»L 


V 

> 
t CW 


L -■■ 




I t cw 




^ :!:=,\\\\\\\\\\n 


»r 


J 


>///////////////////////, 




t COE 


"tODW 




n 




A 




WWW 


^ 


^DS 


t DH 










-I. ; ih ~ 

Vtt, — 






>^ 


f DATA IN 3 
f STABLE j 


k_ 
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TC5565APM0L, TC5565APL-12L, TC5565APL-I5L 
TC5565AFH0L, TC5565AFL-12L, TC5565AFL-15L 



Note : 

1 . R/W is High for_Read Cycle. 

2 . Assuming that CEi Low transition of CE2 High transition occurs coincident with or after R/W Low transition , Outputs 

remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occure coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 



DATA RETENTION CHARACTERISTICS (Ta = 0-70C) 



SYMBOL 


PARAMETER 


MIN. 


TYP™ 1 


MAX. 


UNIT 


Vnn 


Data Retention Supply Voltage 


|__2.0 


_ 


5.5 


V 


IDDS2 


Stand by Supply Current 


Vdd = 3.0V 


_. 


15 


M A 


Vdd=5.5V 


_ 


- 


30 


tCDR 


Chip Deselection to Data Retention Mode 





- 


_ 


ptS 


tR 


Recovery Time 


tRC* 


- 


- 


/JLS 



* : Read cycle time. 

• CE1 Controlled Data Retention Mode (1) 



4.5 V 







\ 


UB 


1 a ajhj 1 




1 1 U 1M MU1J, 


■ 


/ 












{' 








1 








p 


f- 


(2) 


\ 






t CDR 




\\ 


Jf 




*K 






/ 


\ 1 


\ 


CE] / 




Vl 


)1) 


-0.2 V 




\ 



• CE2 Controlled Data Retention Mode (3) 



4.5 V 



VlL 





\ 


DATA RETENTION MODE 




/ 










/ 


CE 2 


t CDR 


\ / 


tR 


\ 




Q2V 






/ 




Ww 


/////// 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFM2L, TC5565AFL-15L 



Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2VorCE 2 ^VDD-0.2V. 

2 . If the Vih of CEi is 2 . 2V in operation , Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

3. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^ 
0.2V. 



DEVICE INFORMATION 

The TC5565APL/AFL is an asynchronous RAM 
using address activated circuit technology, thus the 
internal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on V DD /GND lines. Thus the use of about 
0.1/zF decoupling capacitor for every device is 
recommended to eliminate such noise. 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



ADDRESSES 



^DO 
(mA) 20 



X - 




nn 


ZL 








i 


J ' 


t 


-> -.—- V- 


_.L . 


t 


r 


I 


r 


■4- 




•lr- 




X 





V DD =55V 
V IH =5.3V 
V IL =Q2V 
Horizon lOOnS/d iv 



Fig. TYPICAL CURRENT WAVEFORMS 



iUUUUUUUUUUUUU 



V V U V V V V U H H V V L'i 



U V V II 

0.5 ±0.15 



I I V I 

t 2.S4±0- 



m L4±0 HS 

Note : Lead pitch is 2 . 54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 

• MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

jn n nnnnnnnn n nn 



uuuuuuuuuuuuuu 



Unit in mm 



t Em nnrrinmn^^ 



.1.27±gQ5 5 



^u 



Note : Lead pitch is 1 .27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No.1 and No. 28 leads. 



— . D-36 



TOSHIBA MOS MEMORY PRODUCTS 



(DESCRIPTION 



TC55257 APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 0/AFL-1 2 



The TC55257APL is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced cir- 
cuit techniques provide both high speed and low power features with a operating current 
of 5mA /MHz (Typ.) and minimum cycle time of 85ns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is 2yA typically. 
The TC55257APL has two control inputs. Chip enable (CE) allow for device selection and 
data retention control, and an output enable input (OE) provides fast memory access. 
Thus the TC55257APL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. The TC55257APL is of- 
fered in both a standard dual-in-line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 



FEATURES 



Low Power Dissipation 

27.5mW/MHz(Typ.) Operating 
Standby Current 
100uA(Max.): 

TC55257APL-85/AFL-85 
APL-lO/AFL-10 
APL-12/AFL-12 
5V Single Power Supply 
Power Down Feature: CE 



Data Retension Supply Voltage: 2.0^ 5.5V 

Access Time 





TC 55257 APL- 85 
TC55257AFL-85 


T C 55257 APL- 10 
TC55257AFL-10 


TC 55257 APL- 12 

T C 55257 AFL- 12 


Access Time (Max . ) 


85ns 


100ns 


120ns 


Chip Enable Access 
Time (Max.) 


85ns 


100ns 


120ns 


Output Enable Time 
(Max.) 


45ns 


50ns 


60ns 



Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic FP Package 



[PIN CONN ECTION! (TOP VIEW) 



A14 E 1 

A12 C 2 

A7[ 3 

A6 C 4 

A5 [ s 

A 4 [ (--. 

A3[ 7 

A2[ 8 

Al E 9 

AH C 10 

i/o U ii 

1/0 2 C 12 
1/03 [ 13 

ONDE u 



3 V DD 
] B/W 

3 A13 
3 A8 
3 A9 

3 All 
3 OE 
3 A10 



27 
26 
25 
24 
23 
22 
21 
20 p CE 



19 ] I /0B 
18 3 1/0 7 
17 3 1/06 
16 3 1/0 5 
15 3 1/04 



L PIN NAMES] 








A0 ^ A14 


Address Inputs 


R/W 


Read/Write Control Input 


0E 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ^ 1/08 


Data Input/Output 


V D D 


Power (+5V) 


GND 


Ground 
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TC55257APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 0/AFL-1 2 



OPERATION MODE| 
















OPERATION MODE 


CE 


OE 


R/W 


I/Ol ^1/08 


POWER 


Read 


L 


L 


H 


D OUT 


x DDO 


Write 


L 


* 


L 


"IN 


I DDO 


Output Deselect 


L 


H 


H 


High-Z 


x DDO 


Stndby 


H 


it 


* 


High-Z 


J DDS 



'<) H or L 



MAXIMUM RATINGS] 












SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3^7.0 


V 


V IN 


Input Voltage 


-0.3* 'W.O 


V 


Vl/O 


Input and Output Voltage 


-0.5 ^V DD +0.5 


V 


PD 


Power Dissipation 


1.0 


W 


T solder 


Soldering Temperature 


260 • 10 


°C • sec 


T strg 


Storage Temperature 


-55 %150 


°C 


T opr 


Operating Temperature 


0^70 


°C 



'0 -3.0V at pulse width 50ns 



|D.C. RECOMMENDED OPERATING CONDITIONS | 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


V 


VlL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


V D H 


Data Retention Supply Voltage 


2 e 


- 


5.5 


V 



*) -3.0V at pulse width 50ns 
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TC55257 APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 0/AFL-1 2 



'D.C. and 


OPERATING CHARACTERISTICS 


] (Ta=0<v70°C, V DD =5V±10%) 










SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0 ^ V DD 


- 


- 


±1.0 


yA 


I OH 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


mA 


I OL 


Output Low Current 


V O L=0- 4v 


4.0 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V TH or R/W=V IL 

v OUT =o ^v DD 


or OE=V IH 


- 


- 


±1.0 


pA 


X DD01 


Operating Current 


V DD =5.5V 

CE=V IL , R/W=V IH 
Other Input 

'Vih/Vil 
lQUi ,= 0niA 


t cycle =lys 


- 


10 


- 


mA 


t cycle = 
Min. cycle 


- 


- 


70 


r DD02 


V DD =5.5V 

CE=0.2V, 
R/W=V DD -0.2V 

Other Input 

=V DD -0.2V/0.2V 
lQTj'T=0mA 


t cycle =1 ^ ls 


- 


5 


- 


mA 


^-cycle 21 
Min. cycle 


- 


- 


60 


^DSl 


Standby Current 


CE=V IH 


- 


- 


3 


mA 


^82 


Standby Current 


CE=V D d~0.2V 
V DD =2.0^ 5.5V 


Ta=0a, 70°C 


- 


2 


100 


yA 



|CAPACITANCE| (Ta=25°C, f=lMHz) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


10 


pF 


c OUT 


Output Capacitance 


V QUT =GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55257 APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 0/AFL-1 2 



|A.C. CHARACTERISTICS! (Ta=0^70°C, V DD =5V±10%) 
READ CYCLE 



SYMBOL 


PARAMETER 


TC55257APL-85 
TC55257AFL-85 


TC55257APL-10 
TC55257APL-10 


TC55257APL-12 
TC55257AFL-12 


UNIT 


MIN. 


MAX. 


MIN, 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


85 


- 


100 


- 


120 


- 


ns 


fc ACC 


Address Access Time 


- 


85 


- 


100 


- 


120 


tco 


CE Access Time 


- 


85 


- 


100 


- 


120 


tOE 


Output Enable to Output in Valid 


- 


45 


- 


50 


~ 


60 


tCOE 


Chip Enable (CE) to Output in 
Low~Z 


10 


- 


10 


- 


10 


- 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


_ 


tOD 


Chip Enable (CE) to Output in 

High-Z 


- 


30 


- 


50 


- 


60 


tODO 


Output Enable to Output in High-Z 


- 


30 


- 


40 


- 


50 


tQH 


Output Data Hold Time 


5 


- 


10 


- 


10 





WRITE CYCLE 



SYMBOL 


PARAMETER 


TC55257APL-R5 
TC55257AFL-B5 


TOb52b7APL-10 
TC55 25 7AFL-10 


TC552 57APL-12 
TC5 52 57AFL-12 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


fc wc 


Write Cycle Time 


85 


- 


100 


- 


120 


- 


ns 


tWP 


Write Pulse Width 


60 


~ 


70 


~ 


80 


- 


tew 


Chip Selection to End of Write 


65 


- 


90 


- 


100 


- 


tAS 


Address Set up Time 





- 





- 





- 


fc WR 


Write Recovery Time 


1 5~~ 


- 


5 


- 


5 


- 


tODW 


R/W to Output High-Z 


- 


30 


- 


50 


- 


60 


tOEW 


R/W to Output Low-Z 


10 


- 


10 


- 


10 


- 


tDS 


Data Set up Time 


40 


- 


40 


- 


50 


- 


tDH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 
Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 



lOOpF + 1 TTL Gate 

0.6V, 2.4V 

0.8V, 2.2V 

0.8V, 2.2V 

5ns 
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TC55257 APL-85/APM O/APL-1 2 
TC55257AFL-85/AFL-1 0/AFL-12 



TIMING WAVEFORMS 
READ CYCLE (*) 



ADDRESSES 



"IL 



:1X 



t R c 



tACC 



vih ^AY\\\'\\\Y 

v IL - n\\\\\\\\\1v 



\\\\\\v:\ 



D OUT 



vol 



c GO 



:^ 



^GOE 



X 



■//////, ////// 



W////Y////////////,////////, 



MM 



OUTPUT DATA VALID 



■'///:;////// 



777777 



■ UMKtJOWil 



(ILL 



WRITE CYCLE 1 ( 4 ) (R/W Controlled Write) 



ADDRESSES 



D OUT 



D IN 




— D-41 



TC55257APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 O/AFL-1 2 



WRITE CYCLE 2 ( 4 ) (CE Controlled Write) 



ADDRESSES 



v IL — ^ 



X 



twc 



~mr 



t-yyp 



$ 



tew 



J- 



X 



tDS 



7 



¥ 



DATA IN STABLE 



X 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

A. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257 APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 0/AFL-1 2 



DATA RETENTION CHARACTERISTICS! (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


1- DI>S2 


Standby Supply Current 


V DH =3.0V 


- 


- 


50 


PA 


V DR =5.5V 


~ 


- 


100 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


ys 


tR 


Recovery Time 


tRCCL) 


- 


- 



Note (1): Read Cycle Time. 



CE Controlled Data Retention Mode 




DATA RETENTION MODE 



V DD ™0.2V 




Note (2): If the V IH of CE is 2.2V in operation, IddSI current flows during 
the period that the V DD voltage is going down from 4.5V to 2.4V. 
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TC55257 APL-85/APL-1 0/APL-1 2 
TC55257 AFL-85/AFL-1 0/AFL-1 2 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Unit in mm 




15.24 ±0.25 



f 0.1 
0-25-0.05 




Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No. 28 leads. 



MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 

nnnnnnnnnnnnnn 




uuuuuuuuuuuuuu 



1&9MAX 



0.43 ±0.1 



1.27 ±0.05 rH 

. d 

+1 



1 IB ±0.3 



jj h, 



1.5 ± 0.4 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55257BPL-70/BPL-85/BPH0, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-1 



DESCRIPTION 



The TC55257BPL is 262,144 bit static ramdom access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit technique provide both high speed and low power features with a operating 
current of 5mA/MHz (Typ.) and minimum cycle time of 70ns. 

When CE is a logical high, the device is placed in low power standby mode in 
which standby current is 2uA typically. The TC55257BPL has two control inputs. Chip 
enable (CE) allow for device selection and data retention control, and an output 
enable input (OE) provides fast memory access. Thus the TC55257BPL is suitable for use 
in various microprocessor application systems where high speed, low power, and battery 
back up are required. 

The TC55257BPL is offered in both a standard dual-in-line 28pin plastic package 
(0.6/0.3 inch width) and small-out-line plastic flat package. 



FEATURES 



Low Power Dissipation 

27.5mW/MHz(Typ.) Operating 
Standby Current 
100uA(Max.) : 

TC55257BPL-70/BFL-70/BSPL-70 
BPL-85/BFL-85/BSPL-85 
BPL-10/BFL-10/BSPL-10 
5V Single Power Supply 
Power Down Feature: CE 



Data retention Supply Voltage: 
Access Time 



2.0%5.5V 





TC55257BPL-70 
TC55257BFL-70 
TC55257BSPL-70 


TC55257BPL-85 
TC55257BFL-8 5 
TC55257BSPL-85 


TC55257BPL-10 
TC55257BFL-10 
TC5525 7BSPL-1 


Access Time (max . ) 


7 0ns 


85ns 


100ns 


Chip Enable Access 
Time (max.) 


70ns 


85ns 


100ns 


Output Enable Time 
(Max.) 


40ns 


45ns 


50ns 



[PIN CONNECTION! (top VIEW) 



Directly TTL Compatible: All Inputs and Outputs Plastic 
DIP, Plastic FP Package and Plastic Slim Package 



AI4[ l 

A12C 2 

A7[ 3 

A6C 4 

A5C 5 

A4[ 6 

A3C 7 



A2C 8 
Alt 9 



A0C 
I/OlC 
1/02 C 
1/03 C 

gndC 



J V DD 
] 3/W 
]A13 
]A8 
DA9 
]A1 1 
30E 
]A10 
)CE 
] 1/08 
3 1/07 
DI/06 
16 3 1/05 
15 3 1/04 




MEMORY TELL 

A MlAY 

5 1 2x3 2x 1 6 

(262144) 



1/01 C- 



PIN NAMES 



1/08 c- 



AO 'v A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01 ^1/08 


Data Input/Output 


vdd 


Power (+5V) 


GND 


Ground 



R/Wo 



^P 






VDD 
GS I.) 





CEo- 



-4> 



S-TD-63 
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TC55257 BPL-70/BPL-85/BPL-1 0, TC55257 BSPL-70/BSPL-85/BSPL-1 
TC55257BFL-70/BFL-85/BFL-10 



IQPERATION MODE] 



OPERATION MODE 


CE 


OE 


R/W 


1/01 *I/08 


POWER 


Read 


L 


L 


H 


D 0UT 


l WO 


Write 


L 


* 


L 


Din 


I DDO 


Output Deselect 


L 


H 


H 


High-Z 


IDDO 


Standby 


H 


* 


•k 


High-Z 


Idds 



*) H or L 



[MAXIMUM RATINGSl 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3 'W.O 


V 


VlN 


Input Voltage 


-0.3* 'W.O 


V 


Vl/O 


Input and Output Voltage 


-0.5 %V DD +0.5 


V 


p u 


Power Dissipation 


1.0 (0.6)** 


W 


Tsolder 


Soldering Temperature 


260 • 10 


°C • sec 


Tstrg 


Storage Temperature 


-55 ^150 


°C 


^opr 


Operating Temperature 


0^70 


°C 



*) -3.0V at pulse width 50ns 
**) SOP 

jD.C. RECOMMENDED OPERATING CONDITIONS) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


V 


VlL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



*) -3.0V at pulse width 50ns 
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TC55257 BPL-70/BPL-85/BPL-1 0, TC55257 BSPL-70/BSPL-85/BSPL-1 
TC55257BFL-70/BFL-85/BFL-10 



[D.C. and OPERATING CHARACTERISTICS] (Ta=0 -WO°C, v DD =5v±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0 'Wdd 


- 


- 


±1.0 


MA 


I OH 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Current 


VOL^O.AV 


A o 


- 


- 


mA 


Ilo 


Output Leakage Current 


CE=*V IH or R/W=V IL or OE=V IH 
v OUT =o % V DD 


- 


- 


±1.0 


yA 


r DD01 


Operating Current 


Vdd=5.5V 
CE=V IL , R/W=V IH 

Other Input 

-Vih/Vil 

I OUT =0mA 


tcycle^ 5 


- 


10 


- 


mA 


tcycle^ 
Min. cycle 


- 


- 


70 


I DD02 


V DD -5.5V 
CE=0.2V 
R/W-V DD -0.2V 
Other Input 

=V DD -0.2V/0.2V 
IOUT-OniA 


t cycle=lus 


- 


5 


- 


mA 


t cycle = 
Min. cycle 


- 


- 


60 


I DDS1 


Standby Current 


CE=V IH 


- 


- 


3 


mA 


*DDS2 


Standby Current 


CF>Vr>D- -2V 
Y UD =2.0 ^5.5V 


Ta=0 %70°C 


- 


2 


100 


yA 



CAPACITANCEl (Ta=25°C. f-lMHz) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


Vin=GND 


10 


pF 


c OUT 


Output Capacitance 


VquT = GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-1 



|A.C. CHARACTERISTICS! (Ta=0-WO°C, V DD =5V±10%) 
READ CYCLE 



SYMBOL 


PARAMETER 


TC55257BPL-70 
TC55 257BFL-70 
TC55257BSPL-70 


TC552 57BPL-85 
TC55 257BFL-85 
TC5525 7BSPL-85 


TC5 5 25 7BPL-10 
TC5525 7BFL-10 
TC55257BSPL-10 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


70 


- 


85 


- 


100 


- 


ns 


t ACC 


Address Access Time 


- 


70 


- 


85 


- 


100 


t CO 


CE Access Time 


- 


70 


- 


85 


- 


100 


t OE 


Output Enable to Output in Valid 


~ 


40 





45 


- 


50 


t COE 


Chip Enable (CE) to Output in 
Low 


10 


- 


10 


- 


10 


- 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


t OD 


Chip Enable (CE) to Output in 
High-Z 


- 


30 


~ 


30 


- 


50 


tODO 


Output Enable to Output in High-Z 


- 


30 


- 


30 


- 


40 


tQH 


Output Data Hold Time 


10 


- 


10 


- 


10 


- 



WRITE 


CYCLE 
















SYMBOL 


PARAMETER 


TC55257BPL-70 
TC5 52 57BFL-70 
TC55257BSPL-7 


TC5 5257BPL-85 
TC55257BFL-85 
TC55257BSPL-85 


TC55257BPL-10 
TC55257BFL-10 
TC55257BSPL-10 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


70 


- 


85 


- 


100 


- 


ns 


t"r.m 


Wr i t e P ul s s Wid t h 




- 


cr\ 


- 




- 


fc CW 


Chip Selection to End of Write 


60 


- 


65 


- 


90 


- 


C AS 


Address Set up Time 





- 





- 





- 


t WR 


Write Recovery Time 


5 


- 


5 


- 


5 


- 


t ODW 


R/W to Output High-Z 


- 


30 


- 


30 


- 


50 


tOEW 


R/W to Output Low-Z 


5 


- 


5 


- 


5 


- 


fc DS 


Data Set up Time 


30 


- 


40 


- 


40 


- 


t DH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 
Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 
tr, tf 



lOOpF + 1 TTL Gate 

0.6V, 2.4V 

0.8V, 2.2V 

0.8V, 2.2V 

5ns 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPM0 
TC55257BFL-70/BFL-85/BFL-10 



TIMING WAVEFORMS 
READ CYCLE (1 > 



ADDRESSES 



CE 



OE 



D OUT 




WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/W 



ML 



ML 



MH 



v IL -X 



D OLT 



J IN 



MH 
'iL 



MH 



ML 



fc AS, 



Uve 




t\VT 



*wc 



t ODW 



^ 



l DS 



fc \\R 



X 



tQEV 



V DATA IN STABLE Y 



(3) 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-10 



WRITE CYCLE 2 < 4) (CE Controlled Write) 



ADDRESSES 



n/\v 



CE 



D OUT 



Din 



VlH 
VlL 



"IH- 



VlL — ^ 



'IH" 



VlH— " 
VlL — - 



cj; 



l AS 



twc 



_ M *wp 



tCOE 




Jopw 



X 



tDS 



7 



tWR 



X 



DATA IN STABLE 



^DH 



X 



Note: 1. R/W is High for Read Cycle 

2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-10 



DATA RETENTION CHARACTERISTICS (Ta=0 -WO"C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Supply Current 


V D H=3.0V 


- 


- 


50 


UA 


VDH«5.5V 


- 


- 


100 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


ps 


tR 


Recovery Time 


tRCd) 


- 


- 



Note (1): Read Cycle Time. 



CE Controlled Data Retention Mode 



v D d 



4,5V 



V IH 
CE 





\l 


DATA RETENTION MODE 


r 




/ * 


L ,„„„ „,, „„ ,.,„ ,. „, .„ 


II — \ 




/ (2) 


k 


(2) \ 






^ l CDB 


\\ 1 ! 


tR 


i 




\ 1 


\ 




V DD -0.2V 


\ 











Note (2); If the V IH of CE is 2.2V in operation, IddsI current flows during 
the period that the V DD voltage is going down from A . 5V to 2.4V. 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-1 



[OUTLINE DRAWINGS] (DIP28-P-600). 



Unit in mm 





'V 



oo 



37.0±0.2 




www 



n^TTTTTriTTTT 



0.5 + 0.1 



1 2.5 4 | 1.4±0.1 



[0.25©j S 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-10 



(SOP28-P-A50) 



Unit in mm 



18.5 ±0.2 



28 15 

nnnnnnnnnnnnnn 



> 



1.0 TYP. 



i l l II II I M l ! l 



I3UUIIIUUU 



uuuuuu 



0.4 3±0.1 



ri27i 



$■ 0.25® 



tomnnnnnnnnnnrai 



It 



\ 




Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TC55257BPL-70/BPL-85/BPH0, TC55257BSPL-70/BSPL-85/BSPH0 
TC55257BFL-70/BFL-85/BFH 



OUTLINE DRAWINGS 

• Plastic DIP (DIP28-P-300B) 



UNIT: mm 



28 



15 



uuu uuuu 



uuuuu 

14 



3 4.9±0.2 



0.9 4TYP. 



[Z34 



V 



1.4 ±0.1 



0.5±0.1 








Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TC55257BPL-70/BPL-85/BPH0, TC55257BSPL-70/BSPL-85/BSPL-10 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPH0 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55257 APL-8517APM OL/APL-1 2L 
TC55257AFL-85L/AFL-10L/AFL-12L 



DESCRIPTION 



The TC55257APL is 262,144 bit static random access memory organized as 32,768 
words by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating 
current of 5mA/MHz (Typ.) and minimum cycle time of 85ns. When £TE is a logical high, 
the device is placed in low power standby mode in which standby current is 2uA 
(Ta=25°C). The TC55257APL has two control inputs. Chip enable (C|) allow for device 
selection and data retention control, and an output enable input (OE) provides fast 
memory access. Thus the TC55257APL is suitable for use in various microprocessor 
application systems where high speed, low power, and battery back up are required. 
The TC55257APL is offered in both a standard dual-in-line 28 pin plastic package 
(0.6 inch width) and small-out-line plastic flat package. 



Access Time 



[FEATURES] 








• Low Power I 


)issipation 


27.5mW/MH2 


i (Typ.) Operating 


• Standby Current 


2uA(Max.)s 


TC55257APL-85L/AFL-85L 


(Ta-25°C) 


APL-10L/AFL-10L 




APL-12L/AFL-12L 


• 5V Single Power Supply 


• Power Down 


Feature: CE 


• Data Retension Supply Voltage: 


2.0^ 5.5V 




OP VIEW) 


|PIN connection! (T 


A14[ 


1 


^ 28 


3 V DD 


A12C 


2 


27 


JR/W 


A^E 


3 


26 


3A13 


A6C 


4 


25 


3A8 


A5£ 


5 


24 


]A9 


A4£ 


6 


23 


3 All 


A3E 


7 


22 


Joe 


A2E 


8 


21 


]A10 


A1E 


9 


20 


3CE 


AOE 


10 


19 


31/08 


I/O i[ 


11 


18 


31/07 


I/0 2E 


12 


17 


31/06 


I/03E 


13 


16 


31/05 


QNDj; 


14 


15 


31/04 



| PIN NAMES) 


AO^ A14 


Address Inputs 


R/W 


Read/Write Control Input 


(m 


Output Enable Input 


CE 


Chip Enable Input 


1/01^ 1/08 


Data Input/Output 


V D D 


Power (+5V) 


GND 


Ground 





TC55257 

APL-85L 

/AFL-85L 


TC55257 

APL-10L 

/AFL-10L 


TC55257 

APL-12L 

/AFL-12L 


Access Time(Max.) 


85ns 


100ns 


120ns 


Chip Enable 
Access Time (Max.) 


85ns 


100ns 


120ns 


Output Enable 
Time (Max.) 


45ns 


50ns 


60ns 



Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic FP Package 



I BLOCK DIAGRAM 
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TC55257APL-85L/APL-1 OL/APL-1 2L 
TC55257 AFL-85L/AFL-1 Ol/AFL-1 2L 



OPERATION MODE] 












OPERATION MODE 


CE 


OE 


R/W 


1/01% 1/08 


POWER 


Read 


L 


L 


H 


D 0UT 


x DDO 


Write 


L 


* 


L 


din 


*DDO 


Output Deselect 


L 


H 


H 


High-Z 


!dDO 


Standby 


H 


* 


* 


High-Z 


idds 



*) H or L 



MAXIMUM RATINGS! 






SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3% 7.0 


V 


VlN 


Input Voltage 


-0.3*% 7,0 


V 


Vi/O 


Input and Output Voltage 


-0.5% V DD +0.5 


V 


PD 


Power Dissipation 


1.0 


w 


T solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


T strg 


Storage Temperature 


-55 a, 150 


°C 


T opr 


Operating Temperature 


0% 70 


°C 



*) -3.0V at pulse width 50ns 



D.C. RECOMMENDED OPERATING CONDITIONS! 






SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


V IL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



*) -3.0V at pulse width 50ns 
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TC55257APL-85I/APM0L/APL-12L 
TC55257AFL-85L/AFL-1 01/AFL-12L 



D.C. and OPERATING CHARACTERISTICS] (Ta=QWO°C, V nr> = 


■5V±10%) 










SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN -o^v DD 


- 


- 


±1.0 


UA 


I OH 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


m-A 


lOL 


Output Low Current 


V OL -0.4V 


4.0 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or R/W=V IL or OE=V IH 
V UT =0 ^ V DD 


- 


- 


±1.0 


liA 


X DD01 


Operating Current 


V DD=5.5V 
CE=V IL , R/W=V IH 
Other Input 

= v ih/ v il 

lQTjnp=OniA 


tcycle^s 


- 


10 


- 


mA 


t cycle= 
Min. cycle 


- 


- 


70 


I DD02 


V DD -5.5V 
CE=0.2V, 
R/W=V DD ~0.2V 

Other Input 
=V DD -0.2V/0.2V 


t cycle =1 P s 


- 


5 


- 


mA 


t cycle a 
Min. cycle 


- 


- 


60 


X DDS1 


Standby Current 


CE=V IH 


- 


- 


3 


mA 


I DDS2 


Standby Current 


CE=V DD -0.2V 
V DD =2.0^ 5.5V 


Ta=0% 70°C 


- 


- 


30 


UA 


Ta=25°C 


- 


- 


2 



! CAPACITANCE) (Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


10 


pF 


c 0UT 


Output Capacitance 


V QUT =GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55257APL-85L/APL-1 01/APL-12L 
TC55257AFL-851/AFL-1 Ol/AFL-1 2L 



[A.C. CHARACTERISTICS] (Ta=0^70°C, V DD =5V±10%) 
READ CYCLE 



SYMBOL 


PARAMETER 


TC55257APL-85L 
TC55257AFL-85L 


TC55257APL-10L 
TC55257AFL-10L 


TC55257APL-12L 
TC55257AFL-12L 


UNIT 


MIN . 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


fc RC 


Read Cycle Time 


85 


- 


100 


- 


120 


- 


ns 


C ACC 


Address Access Time 


- 


85 


- 


100 


- 


120 


tco 


CE Access Time 


- 


85 


- 


100 


- 


120 


t OE 


Output Enable to Output in Valid 


- 


45 


- 


50 


- 


60 


tCOE 


Chip Enable (CE) to Output in 
Low-Z 


10 


- 


10 


- 


10 


- 


tOEE 


Output Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tOD 


Chip Enable (CE) to Output in 
High~Z 


- 


30 


- 


50 


- 


60 


tODO 


Output Enable to Output in High-Z 


- 


30 


- 


40 


- 


50 


tQH 


Output Data Hold Time 


5 


- 


10 


- 


10 


- 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5 5257APL-8 5L 
TC55257APL-85L 


TC55257AFL-1QL 
TC55257APL-10L 


TC55257APL-12L 

TC55257AFL-12L 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


85 


- 


100 


- 


120 


- 


ns 


t WP 


Write Pulse Width 


60 


- 


70 


- 


80 


- 


t^TT 


Chip Selection of End of write 


65 


- 


90 


- 


100 


- 


«=AS 


Address Set up Time 





~ 





- 





- 


tWR 


Write Recovery Time 


5 


- 


5 


- 


5 


- 


t ODW 


R/W to Output High-Z 


- 


30 


- 


50 


- 


60 


t OEW 


R/W to Output Low-Z 


10 


- 


10 


- 


10 


- 


tDS 


Data Set up Time 


40 


- 


40 


- 


50 


- 


tDH 


Data Hold Time 


.0 


- 





- 





- 



A.C. TEST CONDITIONS 

Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 
t r , t f 



lOOpF + 1 TTL Gate 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.2V 
5ns 



- D-60 



TC55257 APL-8M/APU 8L/APL-1 2L 
TC55257AFL-851/AFMM/AFM2L 



TIMING WAVEFORMS 



READ CYCLE 



ADDRESSES 



(i) 



V IH \JF 



D OUT 



VlH TT 

VlL -^ 

VOH — 



St 



vol — 



St 



t OEE 



A 



X 



M 



A 



v 



t ODO 



OUTPUT DATA VALID 



UNKNOWN 



WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/L 



V IH ^. 

VlL ™ K 



VlH 



CE~ 



D OUT 



din 



VlL — 1 



^ 



'IH 



%C 



1 



t AS 



Sfc==f 



St 



(8) 



:^ 



^ODW 



t'DS 



t WR 



t DH 



DATA IN STABLE 



K 



(3) 



'IL 
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TC55257 APL-85L/APL-1 Ol/APL-1 2L 
TC55257AFL-851/AFL-101/AFL-12L 



WRITE CYCLE 2 ^ (CE Controlled Write) 



ADDRESSES 



R/W 



D OUT 






VlH ~\\\\\\\\V 



VlL-M 



"IL- 



VlL- 



Si 



•m 



J£ 



t cw ^ 



x 



x 



DATA IN STABLE 



X 



Note: 1. R/W is High for Read Cycle, 

2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that Cl" High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257 APL-85L/APL-1 OL/APL-1 2L 
TC55257AFL-85L/AFL-1 OL/AFL-1 2L 



DATA RETENTION CHARACTERISTICS] (Ta=OWO°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


1 V DH=3.0V 


- 


- 


20 


UA 


"*"" | V DH =5.5V 


- 


- 


30 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


US 


tR 


Recovery Time 


t RC(l) 


- 


- 



Note (1) : Read cycle time. 



CE Controlled Data Retention Mode 



CE~ 




DATA RETENTION MODE 



(2) 



Note (2): If the V IH of CE is 2.2V in operation, Injjsi current flows during 
the period that the VnTj voltage is going down from 4.5V to 2.4V. 
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TC55257 APL-85L/APH Ol/APL- 1 2L 
TC55257 AFL-851/AFH OL/AFH 2L 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 




Unit in mm 



15.24±Q25 



. 4-Q1 
> ~O05 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of 
each lead that is obtained on the basis of No.l and No. 28 leads. 



MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 



nnnnnnnnnnnnnn 



UUUUUUUUUUUUUU 



1 


18 9MAX 


14 

33 
1 cv 




[ .1 






^^^^ b ^ - ^ - ^^i^^^^^.^V 




ut 


■SQBBBitr ~ 


D4J4-WHH7-— h 




'"Of 


a43±0.1 




r"0 , OnLJ , ij"-EJ"i 1 

1.27±a0 5 c5 










c5 





n.8±a3 



^^^ 



i.5±a4 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of 
each lead that is obtained on the basis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC 55256 PL- 10/ PL- 12/ PL- 15 
TC55256FL-1 0/FL-1 2/FL-1 5 



DESCRIPTION 



The TC55256PL/FL is 262,144 bit static random access memory organized as 32,768 
words by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating cur- 
rent of 5mA/MHz(TYP.) and minimum cycle time of 100ns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is O.OlyA typically. 
The TC55256PL/FL .has two control inputs. Chip enable (CE) allow for device selection 
and data retention control, and an output enable input (OE) provides fast memory access. 
Thus the TC55256PL/FL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. Ultra low standby power 
allow not only battery but capacitance backup. The TC55256PL/FL is offered in both a 
standard dual-in-line 28 pin plastic package (0.6 inch width) and small-out-line plastic 
flat package. 



FEATURES 



Low Power Dissipation 
27.5mW/MRz(TYP.) Operating 

Standby Current 
0.2yA(MAX.) at Ta=25°C 
1.0uA(MAX.) at Ta=60°C 
10.0uA(MAX.) at Ta=85°C 

5V Single Power Supply 

Fully Static Operation 



Data Retention Supply Voltage: 2.0^ 5.5V 
Access Time 





TC552 56PL 
-10/FL-10 


TC55256PL 
-12/FL-12 


TC55256PL 
-15/FL-15 


Access Time (Max.) 


100ns 


120ns 


150ns 


Chip Enable Access 
Time (Max.) 


100ns 


120ns 


150ns 


Output Enable Time (Max.) 


50ns 


60ns 


70ns 



Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic Flat Package 
Wide Temperature Operation: -40^85°C 



[PIN CONNECTION! (TOP VIEW) 



BLOCK DIAGRAM 



A14E 
Al2[ 
A7[ 
A6C 
A5C 
A4E 
A3[| 
A2[ 
A1C 
A0 E 

I/01C 

1/02 C 

1/03 E 

GND[ 



9 
10 
11 
12 
13 
14 



28 3 V DD 
273 R/W 
26 3 A13 
25 3 A8 
243 A 9 
23 3 All 
22 3 OE 
21 3 A10 
20 3 CE 
193 1/08 
18 3 1/07 
17 3 1/06 
16 3 1/05 
15 3 1^04 




MEMORY CELL 

ARRAY 

512X32X16 

(262144) 



GND 



PIN NAMES] 


A0 % A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE 


Output Enable Input 


CE 


Chip Enable Input 


1/01^1/08 


Data Input /Output 


VDD 


Power (+5V) 


GND 


Ground 
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TC55256PL-1 0/PL-1 2/PL-1 5 
TC55256FL-1 0/FL-1 2/FL-1 5 



OPERATION MODE| 












OPERATION MODE 


CE 


m 


R/W 


I/Ol^ 1/08 


POWER 


Read 


L 


L 


H 


Dout 


IDDO 


Write 


L 


* 


L 


Din 


x DDO 


Output Deselect 


L 


H 


H 


High-Z 


IDDO 


Standby 


H 


•k 


* 


High-Z 


idds 



k ) H or L 



MAXIMUM RATING Si 






SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3^ 7.0 


V 


Vin 


Input Voltage 


-0.3*^ 7.0 


V 


v I/0 


Input and Output Voltage 


-0.5%V D n+0.5 


V 


Pd 


Power Dissipation 


1.0 (0.6)** 


w 


T solder 


Soldering Temperature 


260 • 10 


°Osec 


i strg 


Storage Temperature 


-55^150 


°C 


T opr 


Operaring Temperature 


-40^85 


°C 



*) -3.0V at pulse width 50ns 
**) SO? 

|D.C. RECOMMENDED OPERATING CONDITIONS! (Ta«-40* 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V 


VlL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


V DH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



*) -3.0V at pulse width 50ns 
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TC55256PM0/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 



. D.C. and OPERATING CHARACTERISTICS! (Ta=-40% 85°C, V DD -5V-10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN «0^ V DD 


- 


- 


±1.0 


yA 


I OH 


Output High Current 


V OH «2.4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Current 


V 0L -0.4V 


4.0 


- 


- 


mA 


V H 


Output High Voltage 


I H=~20uA 


Vdd 

-0.1 


- 


- 


V 


v OL 


Output Low Voltage 


I OL -20yA 


- 


- 


0.1 


V 


lLO 


Output Leakage Current 


CE= V IH or R/W= V IL or OE~= v IH 

v OUT =o^ v DD 


- 


- 


±1.0 


yA 


*ddoi 


Operating Current 
(Read Cycle)* 


V DD =5.5V, CE=V IL> 

R/W=Vi H 

Other Input= 

V IH /V IL> ^UT' "* 


tcycle^lPs 


- 


10 


- 


mA 


t cycle= 

Min. cycle 


- 


- 


70 


X DD02 


V DD =5.5V, CE-0.2V, 
R/W=V DD -0.2V 
Other Input= 
V DD ~0.2V/0.2V 
lQTj«ri=OniA 


tcycle^l^s 


- 


5 


- 


mA 


^ cycle" 
Min. cycle 


- 


- 


60 


TDDS1 


Standby Current 


CE=V IH 


- 


- 


3 


mA 


X DDS2 


Standby Current 


CE=V DD ~0.2V 
V DD =2.0^ 5.5V 


Ta=25°C 


- 


0.01 


0.2 


yA 


Ta=60°C 


- 


- 


1.0 


Ta=85°C 


- 


- 


10.0 



* Assuming that R/W is Low for 
as that when R/W is high for 



Write Cycle, the current consumption is twice as much 
Write Cycle. 



|CAPACITANCE| (Ta=25°C, f«OMHz) 








SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


10 


P F 


c OUT 


Output Capacitance 


V UT =G ND 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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TC55256PL-1 0/PL-1 2/PL-1 5 
TC55256FL-1 0/FL-1 2/FL-1 5 



A.C. CHARACTERISTICS! (Ta=-40^ 85°C, V DD =5V±10%) 
READ CYCLE 



SYMBOL 


PARAMETER 


TC55256PL 
-10/FL-10 


TC55256PL 
-12/FL-12 


TC55256PL 
-15/FL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


t CO 


CE Access Time 


- 


100 


- 


120 


- 


150 


tOE 


Output Enable to Output in Valid 


- 


50 


- 


60 


- 


70 


t COE 


Chip Enable (CE) to Output in Low-Z 


5 


- 


5 


- 


5 


- 


t OEE 


Output Enable to Output in Low-Z 





- 





- 





- 


t OB 


Chip Enable (CE) to Output in High-Z 


- 


50 


- 


60 


- 


70 


t ODO 


Output Enable to Output in High-Z 


- 


40 


- 


50 


- 


60 


t OH 


Output Data Hold Time 


10 


- 


10 


- 


15 


- 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC55256PL 
-10/FL-10 


TC55256PL 
-12/FL-12 


TC55256PL 
-15/FL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


70 


- 


80 


- 


100 


- 


r CW 


Chip Selection to End of Write 


90 


- 


100 


~ 


120 


- 


*AS 


Address Set Up Time 





- 





- 





- 


tWR 


Write Recovery Time 





- 





- 





- 


t ODW 


R/W to Output High-Z 


- 


50 


- 


60 


- 


70 


t OEW 


R/W to Output Low-Z 


5 


- 


5 


- 


5 


- 


r DS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


tDH 


Data Hold Time 





- 





- 





- 



AC TEST CONDITION 



• Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 



2.4V/ 0.6V 

2.2V/0.8V 

2.2V/ 0.8V 

5ns 

lOOpF + 1TTL Gate 
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TIMING WAVEFORMS 
READ CYCLE ^ 



TC55256PL-1 0/PL-1 2/PL-1 5 

TC55256FH0/FH2/FH5 



ADDRESSES 



*IH 



__ V IH 



Vil —^ 



u OUT 



V IL — li 

vol — 



^ 



t OE 



tQEE 



t COE 



M 



'/////////////////, 



L OD 



OUTPUT DATA VALID 



WRITE CYCLE 1 ^ (R/W Controlled Write) 



ADDRESSES 



R/W 






'IH 



V IE 



^OUT 



Din 



^ 



(2) 



*WC 



r WP 



/ 



tew 



tQDW 



*DS 



l WR 



^ 



"Cqew 



^DH 



(I DATA IN STABLE 



X 
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TC55256PL-1 0/PL-1 2/PL-1 5 
TC55256FL-1 0/FL-1 2/FL-1 5 



(A) 

WRITE CYCLE 2 v } (CE Controlled Write) 



ADDRESSES 



R/W 



V IH " 



^OUT 



&IN 



V IH — " 



X 



J*g^ 



%c 



t wp 



Sc 



r COE 



t CW 



/ 



^QDW 



r DS 



DATA IN STABLE 



K 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE~ low transition occurs coincident with or after 
R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior 
to R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TG55256PL-1 0/PL-1 2/PL-1 5 

TC55256FL-10/FL-12/FL-15 



3V OPERATE SPECIFICATION 



[D.C. RECOMMENDED OPERATING CONDITIONS] (Ta—10 ^60°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V DD 


Power Supply Voltage 


2.7 


3.0 


3.3 


V 


V IH 


Input High Voltage 


V DD -0.2 


- 


V D D 


V 


V IL 


Input Low Voltage 





- 


0.2 


V 



D.C. and OPERATING CHARACTERISTICS! (Ta— 10^ 60°C) 












SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNIT 


I IN 


Input Leakage Current 


v IN-0*V DD 


- 


- 


±1.0 


UA 


X LO 


Output Leakage Current 


CE=V IR or R/W=V IL or 


- 


- 


±1.0 


UA 


TOH 


Output High Current 


V OH -V DD -0.2V 


-100 


_ 


- 


UA 


lOL 


Output Low Current 


V QL =0.2V 


100 


- 


- 


UA 


V H 


Output High Voltage 


IOH=-20uA 


Vdd-0.1 


- 


- 


V 


vol 


Output Low Voltage 


I OL -20viA 


- 


- 


0.1 


V 


Iddo* 


Operating Current 


CE-Vil 
Other input = 

V DEr 0.2V/ 0.2V 
I 0UT =0mA, duty 100% 


t cycle 

=lus 


- 


3.0 


5.0 


mA 


idds 


Standby Current 


ce=v ih 


Ta=25°C 


- 


0.01 


0.2 


PA 


Ta=60°C 


- 


- 


1.0 



All voltage is measured from GND, 

* *DDO is slightly depending on input pulse t r , tf. If long t r , tf pulse is applied, 
there are some transient current at input stage. These specification is guaranteed 



with t r , t f < 20ns. 
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TC55256PL-1&/PM2/PL-15 
TC55256FH0/FM2/FL-15 



3V OPERATE SPECIFICATION 



A.C. CHARACTERISTICS! (Ta«- 10^60°C, V DD -3V±10%) 
READ CYCLE 



* Type, condition is Ta=25°C, V DD =3V 



A.C. TEST CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP.* 


MAX. 


UNIT 


C RC 


Read Cycle Time 


1000 


- 


- 


ns 


t ACC 


Address Access Time 


- 


300 


1000 


t CO 


CE Access Time 


- 


300 


1000 


t OE 


Output Enable to Output Valid 


- 


150 


500 


t OH 


Output Data Hold Time 


20 


- 


- 


t COE 


Chip Enable to Output in Low Z 


10 


- 


- 


t OEE 


Output Enable to Output in Low Z 


5 


- 


- 


t OD 


Chip Enable to Output in High Z 


- 


- 


200 


t ODO 


Output Enable to Output in High Z 


- 


- 


150 


WRITE CYCLE 


SYMBOL 


PARAMETER 


MIN. 


TYP.* 


MAX. 


UNIT 


twc 


Write Cycle Time 


1000 


- 


- 


ns 


twp 


Write Pulse Width 


500 


- 


- 


t cw 


Chip Selection to End of Write 


800 


- 


- 


fc AS 


Address Set Up Time 


100 


- 


- 


tr.TD 


U-r--i •♦-/-, T> *~~~~~~m- t>-: 


100 


- 


- 


tDS 


Data Set Up Time 


400 


- 


- 


t DH 


Data Hold Time 


50 


- 


- 


tODW 


R/W to Output High Z 


- 


- 


200 


t OEW 


R/W to Output Low Z 


10 


- 


- 



• V IN -V DD -0.2V/0.2V 

• Output Reference Level : 1.5V/1.5V 

• Timing Measurement Level : 1.5V/1.5V 

• Input Pulse Rise and Fall Time: =20ns 

• Output Load : lOOpF (Include Jig) 
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TC55256PL-1 0/PL-1 2/Pt-l 5 
TC55256FU1 0/FL-1 2/FL-1 5 



DATA RETENTION CHARACTERISTICS! (Ta=-40^ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDH 


Data Retention Supply Voltage 


2.0 


~ 


5.5 


V 


X DDS2 


Standby Supply Current 


Ta=25°C 


- 


0.01 


0.2 


yA 


Ta^60°C 


- 


- 


1.0 


Ta-85°C 


- 


- 


10.0 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


ys 


tR 


Recovery Time 


tRCCl) 


- 


- 



Note: (1) Read cycle time. 

(2) If the Vjh of CE is 2.2V in operation, IddSI current flows during the 
period that the Vdd voltage is going down from 4.5V to 2.4V. 



CE Controlled Data Retention Mode 



v JjU 


\ 


DATA RETENTION MODE 


/ 








- A— -\ 










/ (2) 


\ ll 


(2) \ 




V IH 


^CDR 


\\ '/ 


tR 




/ 


\ l\ 


\ 


/ 


V DD -Q2V 


\ 


CE ' 
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TC55256PM0/PM2/PM5 
TC55256FL-1 0/FL-1 2/FL-1 5 



DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 



Unit in mm 




1£.24±Q25 



4^Bl 



Ml 
S -Q05 



1 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 

SOP 28 PIN OUTLINE DRAWING (S0P28-P-450) 



28 

nnnnnnr»nrrj 
llin i lllllllllllll 



uuuuuuuuuuuuuu 



1 

la 9 MAX 


14 

x' 
1 ^ 




- -, J „ 


' 


tsSSBSBK 


n 


ttmomrrL 


_ 


Q43±Q1 


1.27 + 0.1 _, 













ii.e±CL3 



1^ ^ 



1.5±Q4 



Mote: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TC55258PL-1 0/PL-1 2/PL-1 5 
TC55258FL-1 0/FL-1 2/FL-1 5 



TC55258PL/FL is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced cir- 
cuit techniques provide both high speed and low power features with a operating cur- 
rent of 5mA/MHz (Typ.) and minimum cycle time of 100ns. The TC55258PL/FL has two 
control inputs. Two chip enable inputs (CE1, CE2) allow for device selection and data 
retention control. When device is placed in standby mode with chip off state, standby 
current is typically O.OluA. Thus the TC55258PL/FL is suitable for use in various 
microprocessor application systems where high speed, low power, and battery back up 
are required. Ultra low standby power allow not only battery but capacitance back up. 
The TC55258PL/FL is offered in both a standard dual-in-line 28 pin plastic package 
(0.6 inch width) and small-out line plastic flat package. 



FEATURES 



Low Power Dissipation 

27.5mW/MHz(Typ.) Operating 
Standby Current 
0.2yA(MAX.) at Ta=25°C 
1.0uA(MAX.) at Ta=60°C 
10.0uA(MAX.) at Ta=85°C 
5V Single Power Supply 
Fully Static Operation 
Data Retention Supply Voltage 
: 2.0^5.5V 



• Access Time 





TC55258PL 
-10/FL-10 


TC55258PL 
-12/FL-12 


TC55258PL 
-15/FL-15 


Access Time 


100ns 


120ns 


150ns 


CE1 Access Time 


100ns 


120ns 


150ns 


CE2 Access Time 


100ns 


120ns 


150ns 



Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic Flat Package 
Wide Temperature Operation; -40 ^ 85°C 



[PIN CONNECTION] (TOP VIEW) 



1 BLOCK DIAGRAM] 



A14[ 1 
A12[ 2 



A7[ 

A6l 4 
A5y 5 

6 

7 



A4[ 

A3[ 

A2[ 

Al[ 

A0[ 

I/Ol [ 

1/02 [ 

1/03 [ 

GND[ 



■VT 



28]%) 
27]r/W 
26] A 13 
25 ]A8 
24]A9 
23 ] Al 1 
22 ]CE2 
21 ]A10 
20]CE1 
19 ] 1/08 
18 ] 1/07 
17 ] 1/06 
16 ] 1/05 
15 ) 1/04 



GND 



I/Ol 



PIN NAMES] 






A0 ~ A14 


Address Inputs 


R/W 


Read/Write Control Input 


CE1, CE2 


Chip Enable Inputs 


1/01 ~ 1/08 


Data Inputs/Outputs 


V D D 


Power (+5V) 


GND 


Ground 




1/08 O 



R/WO" 



CE2o 

ceT 
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TC55258PL-1 0/PL-1 2/PL-1 5 
TC55258FL-1 0/FL-1 2/FL-1 5 



| OPERATION MODE! 












OPERATION MODE 


CE1 


CE2 


R/W 


1/01^1/08 


POWER 


Read 


L 


H 


H 


D 0UT 


x DD0 


Write 


L 


H 


L 


D IN 


I DDO 


Standby 


* 


L 


* 


High-Z 


X DDS 


H 




* 


High-Z 


I DDS 



*) H or L 



MAXIMUM RATINGS) 






SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3^ 7.0 


V 


V IN 


Input Voltage 


-0.3* -v 7.0 


V 


V I/0 


Input and Output Voltage 


-0.5^ V DD +0.5 


V 


Pd 


Power Dissipation 


1.0/0.6** 


w 


T 

x solder 


Soldering Temperature 


260 • 10 


°C-sec 


T 
i strg 


Storage Temperature 


-55^150 


°C 


T 
x opr 


Operating Temperature 


-40 ^ 85 


°C 



*) -3.0V at pulse width 50ns 
r *) Flat package 



D.C. and RECOMMENDED OPERATING CONDITIONS! (Ta=-40 % 85°C) 






SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


V IH 


Input High Voltage 


2.2 


- 


V DD -K).3 


V 


V IL 


Input Low Voltage 


-0.3* 


- 


0.8 


V 


V DH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



*) -3.0V at pulse width 50ns 
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TC55258PL-1 0/PL-1 2/PL-1 5 
TC55258FL-1 0/FL-1 2/FL-1 5 



[D.C. and OPERATING CHARACTERISTICS] (Ta»- 40^85°C, V DTf =5V±10%) 








SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


X IN 


Input Leakage Current 


V IN-°* V DD 


- 


- 


±1.0 


yA 


I OH 


Output High Current 


Von- 2.4V 


-1.0 


- 


-' 


mA 


lOL 


Output Low Current 


V OL =0.4V 


4.0 


- 


- 


mA 


V OH 


Output High Voltage 


I OH =-20yA 


v DD -o.i 


- 


- 


V 


v OL 


Output Low Voltage 


I OL -20pA 


- 


- 


0.1 


V 


lLO 


Output Leakage Current 


CEi=V IH or CE2=V IL or R/W»V IL 

v OUT =o ^ v DD 


- 


- 


±1.0 


pA 


I DD01 


Operating Current 
(Read Cycle)* 


V DD =5.5V, CH=V IL 
CE2=V IR , R/W«V IH 
Xout^OiilA 
Other Input= 

v IL /v IH 


tcycle^Tvs 


- 


10 


- 


mA 


t cycle~ 
Min. cycle 


- 


- 


70 


^02 


V DD =5.5V, CE1-0.2V 
CE2=V DD -0.2V 

R/w=v DD -o.2v 
Other Input* 

V DD -0.2V/0.2V 
Iqtjt^OitiA 


tcycle' 1 ^ 


- 


5 


- 


mA 


cycle" 
Min. cycle 


- 


- 


60 


X DDS1 


Standby Current 


CH=V IH or CE2=V IL 


- 


- 


3 


mA 


X DDS2 


Standby Current 


CEi»V DD -0.2V or 
CE2=0.2V 
V DD =2.0^ 5.5V 


Ta=25°C 


- 


0.01 


0.2 


PA 


Ta-60°C 


- 


- 


1.0 


Ta=85°C 


- 


- 


10.0 



Assuming that R/W is Low for 
as that when R/W is high for 



Write Cycle, the current consumption is twice as much 
Write Cycle. 



| CAPACITANCE] (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IK =GND 


10 


pF 


c OUT 


Output Capacitance 


V UT =G ND 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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|A.C. CHARACTERISTICS! (Ta=-40 ^ 85°C, V DD *5V±10%) 
READ CYCLE 



A.C. TEST CONDITION 



• Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 



2.4V/0.6V 

2.2V/0.8V 

2.2V/0.8V 

5ns 

lOOpF + 1 TTL Gate 



SYMBOL 


PARAMETER 


TC55258PL 
-10/FL-lO 


TC55258PL 
-12/FL-12 


TC55258PL 
-15/FL-15 


UNIT 


MIN . 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Read Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


t ACC 


Address Access Time 


- 


100 


- 


120 


- 


150 


t C01 


CE1 Access Time 


- 


100 


- 


120 


- 


150 


t C02 


CE2 Access Time 


- 


100 


- 


120 


- 


150 


tCOE 


Chip Enable (CE1, CE2) to Output in 
Low-Z 


5 


- 


5 


- 


5 


- 


C 0D 


Chip Enable (CE1, CE2) to Output in 
High-Z 


- 


50 


- 


60 


- 


70 


c OH 


Output Data Hold Time 


10 


- 


10 


- 


10 


- 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC55258PL 
-10/FL-lO 


TC55258PL 
-12/FL-12 


TC55258PL 
-15/FL-15 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


100 


- 


120 


- 


150 


- 


ns 


tWP 


Write Pulse Width 


70 


- 


80 


- 


100 


- 


C CW 


Chip Selection to End of Write 


90 


- 


100 


- 


120 


~ 


tAS 


Address Set Up Time 





- 





- 





- 


C WR 


Write Recovery Time 





~ 





- 





- 


t ODW 


R/W to Output in High-Z 


- 


50 


- 


60 


- 


70 


z Om 


R/W to Output in Low-Z 


5 


- 


5 


- 


5 


- 


tDS 


Data Set Up Time 


40 


- 


50 


- 


60 


- 


z DH 


Data Hold Time 





- 





- 





- 
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[TIMING WAVEFORM Si 



READ CYCLE (1) 



ADDRESSES 



CE2 



X 



K 



D OUT 







l ACC 






t 0H> 




1* , - 


— 




YA 


^ 


S§SSS§S^§ 




* 




tOD 








, 


t ^ 






"* 






i«a 


l C01 


JP 


W//////////A 






1 l COE j 






t OD 








tCOE 












* 






r* *~ 




<I_3Wr- 










OUTPUT DATA 


VAL 



WRITE CYCLE 1 (R/W Controlled Write) 



ADDRESSES 



R/W 



CE2 



CE1 



D OUT 



J IN 




\7 B DATA IN IS/" 

/ V STABLE y \ 



— D-79 



TG55258PL-1 0/PL-1 2/PL-1 5 
TC55258FL-1 0/FL-1 2/FL-1 5 



WRITE CYCLE 2 (CE1 Controlled Write) 



ADDRESSES 



R/W 



CE2 



D OUT 



J IN 



t\\C 



tAS 



t\\P 



t\VR 



^ 



l cw 



tew 



tCOE 




l ODW 



^ 2) ' 



*DS 



/ y stTble .f \ 



l DH 



JX 



WRITE CYCLE 3 (CE2 Controlled Write) 



ADDRESSES 



R/W 



CE2 



CE1 



D OUT 



D IN 



X 



£ 



t\vc 



tAS 



t\VR 



K 



t-wp 



tQV 



tew 



t-COE ~f 



^COE 



, tODW 



tDS 



DATA IN 
STABLE 



EK 



tDH 



S 
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NOTE: 

(1) R/W is High for Read Cycle. 

(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident with 
or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with 
or prior to R/W High transition, outputs remain in a high impedance state. 



[DATA RETENTION CHARACTERISTICS! (Ta=-40 ^ 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V DH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


I DDS2 


Standby Supply Current 


Ta=25°C 


- 


0.01 


0.2 


PA 


Ta=60°C 


- 


- 


1.0 


Ta=85°C 


- 


- 


10.0 


t CDR 


Chip Deselection to Data Retention Mode 





- 


- 


us 


tR 


Recovery Time 


tRC(l) 


- 


- 



CEl Controlled Data Retention Mode (2) 



V DD 
4.5 V 



DATA RETENTION MODE 



k IH 



CEl 



(3) 



l CDR 



V DD -0.2V 



(3) 



U-v 



GKD 
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CE2 Controlled Data Retention Mode (4) 



45 V 



V DD 



CE2 



k IL 



l CDR 



DATA RETENTION MODE 



\^^\ 



tR 



7777777 



gnd 



NOTE: (1) t RC : Read Cycle Time 

(2) In GET controlled data retention mode, minimum standby current 
mode is achieved under the condition of CE1 > Vpjy-0.2V. 

(3) If the V IH of CEl is 2.2V in operation, during the period that the 
V"DD voltage is going down from 4.5V to 2.4V, IddsI current flows. 

t h\ Tn rVO ^nnf-rnllar! A a t- a to f- on t- n on mr\r\t=> tt> i* rn" mi 1 m <5t"anrl'hv PilTrPTlf 

V - T/ *... w~.- , . .. w*~ , ~t j 

\ mode is achieved under the condition of CE2 = 0.2V. 
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3V OPERATION SPECIFICATION 



D.C. RECOMMENDED OPERATING CONDITIONS 


(Ta— 1C 


^60°C) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


2.7 


- 


5.5 


V 


VlH 


Input High Voltage 


Vdd-0.2 


- 


VDD 


V IL 


Input Low Voltage 





- 


0.2 



[D.C. and OPERATING CHARACTERISTICS! (Ta=-1Q ^ 60°C, V DD =2.7V ^5.5V) 



SYMBOL 


PARAMETER 


CONDITION 


MIN . 


TYP. 5V 


MAX. 


UNIT 


X IN 


Input Leakage Current 


v IK =o * v DD 


- 


- 


11. 


pA 


X OH 


Output High Current 


V OH =V DD-°* 2V 


-100 


- 


- 


PA 


*0L 


Output Low Current 


V OL =0.2V 


100 


- 


- 


pA 


V OH 


Output High Current 


I 0H =-20uA 


v DD -o.i 


- 


- 


V 


V OL 


Output Low Voltage 


I L- 2 °U A 


- 


- 


0.1 


V 


*LO 


Output Leakage Current 


CEi-V IH or CE2=V IL or R/W»V IL 

v OUT =o % v DD 


- 


- 


±1.0 


pA 


I DD0' WV 


Operation Current 


CH=V IL> CE2-V IH 

R/U=V IH 

Other Input= 

V DD -0.2V/0.2V 
I OUT =0mA 


tcyde* 1 ^ 


- 


3.0 


5.0 


mA 


X DDS 


Standby Current 


CEl=V IH or 
CE2-V IL 


Ta=25°C 


- 


0.01 


0.2 


PA 


Ta=60°C 


- 


- 


1.0 



All voltage is measured from GND. 

* Vdd=3V, Ta=25°C. This value shows with typical lot and reference only. 
** IDDO is slightly depending on input pulse t r , tf. If long t r , tf pulse is applied, 

there are some transient current at input stage. These specification is 

guaranteed with t r , tf < 20ns. 
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3V OPERATION SPECIFICATION 



|A.C. CHARACTERISTICS! (Ta=-10 ^ 60°C, V DD =2.7V% 5.5V) 
READ CYCLE 



SYMBOL 


PARAMETER 


>'1IN. 


TYP . * 


MAX. 


UNIT 


t RC 


Read Cycle Time 


1000 


- 


- 


ns 


t ACC 


Address Access Time 


- 


300 


1000 


t C01 


CEl Access Time 


- 


300 


1000 


t C02 


CE2 Access Time 


- 


300 


1000 


t COE 


Chip Enable (CEl, CE2) to Output in Low-Z 


5 


- 


- 


t OD 


Chip Enable (CEl, CE2) to Output in High-Z 


- 


- 


200 


t OH 


Output Data Hold Time 


10 


- 


- 



* V DD = 3 V > Ta=25°C. This value shows with typical lot, and reference only. 



WRITE 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


t WC 


Write Cycle Time 


1000 


- 


- 


ns 


t UP 


Write Pulse Width 


500 


- 


- 


t CW 


Chip Selection to End of Write 


800 


- 


- 


t AS 


Address Set Up Time 


100 


- 


~ 


t WR 


Write Recovery Time 


100 


- 


- 


c ODW 


R/W to Output in High~Z 


- 


- 


200 


r OEW 


R/W to Output in Low-Z 


5 


- 


- 


t DS 


Data Set Up Time 


400 


- 


~ 


z DH 


Data Hold Time 


50 


- 


- 



A.C. TEST CONDITIONS 



• Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 



V DD' 
V DD 



-0.2V/0.2V 
/2 / V DD /2 



Vdd/2 / V DD /2 

£ 20ns 

lOOpF + 1 TTL Gate 
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DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 



28 15 






A 


) 






r 



Unit in mm 




1 5.2 4 ± 0.2 5 



.1 



-0.1 
0.2 5-0.0 5 



0-15° 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 



SOP 28 PIN OUTLINE DRAWING (S0P28-P-450) 



28 



nnnnnnnnnnnnnn 



uuuuuuuuuuuuuu 

14 




3 1.8 ±0.3 



J^^, 



1.5±0.4 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC551001PL-70/PL-85/PH0 
TC551Q01FL-70/FL-85/FH0 



[description ! 

The TC551001PL/FL is 1,040,576 bits static random access memory organized as 
131,072 words by 8 bits using CMOS technology, and operated a single 5V power supply. 
Advanced circuit techniques provide both high speed and low power features with a maxi- 
mum operating current of 5inA/MHz(Typ. ) and minimum cycle time of 70/85/100ns. When 
CEl is a logical high, or CE2 is low, tire device is placed in low power standby mode 
in which standby current is 2uA typically. The TC551001PL/FL has three control inputs. 
Chip enable inputs (CEl, CE2) allow for device selection and data retention control, 
and an output enable input (OE) provides fast memory access. Thus the TC551001PL/FL 
is suitable for use in various microprocessor application system where high speed, low 
power, and battery back up are required. 

The TC551001PL/FL is offered in both a dual-in-line 32 pin standard plastic 
package and small-out line plastic flat package. 



iFEATURESi 

• Low Power Dissipation 

27.5mW/MHz(Typ.) 

• Standby Current: 100uA(Max.) 

• 5V Single Power Supply 

• Power Down Feature: CEl, CE2 



[PIN CONNECTION! (TOP VIEW) 




1/02 c 1 4 

1/03 c 1 5 

GND C 1 6 



Data Retention Supply Voltage: 2.0^ 5.5V 
Access Time 



~~^~~— ~ — - _ 


TC5 51001 
PL/TL-70 


TC5B100 1 
PL/FL-85 


TC5JS1001 
PL. TL-10 


Access Time (Max.) 


70ns 


85 ns 


100ns 


CEl Access Time (Max.) 


70ns 


85ns 


100ns 


CE2 Access Time (Max.) 


70ns 


85ns 


100ns 


0E Access Time (Max.) 


40ns 


45 ns 


50ns 



Directly TTL Compatible: All Inputs and Outputs 
Plsatic DIP and Plastic Flat Package 



BLOCK DIAGRAM 



A4 C 
A5 C 
A6 C 
A7 C 
A12C 
A13C 
A14C 
A15C 
A16C 



I 



CO 



MEMOHY CELL 

ARRAY 

5 1 2- 4^32 

( 104 8576 ) 



PIN NAMESl 


A0^A16 


Address Inputs 


R/w 


Read/Write Control 
Input 


OE 


Output Enable Input 


CEl, CE2 


Chip Enable Inputs 


1/01 ^1/08 


Data Inputs/Outputs 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



o- 
o- 

1/ OH O- 



SENSE Ml P. 



COLUMN ADDRESS 
DECODER 



COLUMN ADDRESS 
DECODER 



COLUMN ADDRESS 
DUE PER 



Bfi 



<'E2 O i>^ 



;=O j 



irntu« 

A0 Al A2A3 A8A9A10AJ1 
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| OPERATION MODE| 














OPERATION MODE 


CE1 


CE2 


OE 


R/W 


I/Ol^ 1/08 


POWER 


Read 


L 


H 


L 


H 


D OUT 


*DDO 


Write 


L 


H 


* 


L 


din 


IDDO 


Output Deselect 


* 


* 


H 


* 


High-Z 


IDDO 


Standby 


H 


* 


* 


* 


High-Z 


!dDS 


* 


L 


* 


* 


High-Z 


IDDS 



*: H or L 



MAXIMUM RATINGS| 










SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3 ~ 7.0 


V 


V IN 


Input Voltage 


-0.3*^7.0 


V 


V I/0 


Input and Output Voltage 


-0.5^ V DD +0.5 


V 


PD 


Power Dissipation 


1.0/0.6** 


W 


T solder 


Soldering Temperature 


260 • 10 


°C • sec 


T strg. 


Storage Temperature 


-55^150 


°C 


-••opr . 


Operating Temperature 


0^70 


°C 



-3.0V at pulse width 50ns MAX. 



**: SOP 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V IH 


Input High Voltage 


2.2 


- 


V DD -K).3 


VlL 


Input Low Voltage 


-0.3 * 


- 


0.8 


v D h 


Data Retention Supply Voltage 


2.0 


- 


5.5 



*: -3.0V at pulse width 50ns MAX. 



D-88 



TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 



I D.C. and OPERATING CHARACTERISTICS! (Ta=0 -WO°C, V DD -5V±10%) 










SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0 * V DD 


- 


- 


±1.0 


uA 


lOH 


Output High Current 


V OH =2.4V 


-1.0 


- 


- 


mA 


lOL 


Output Low Current 


V OL =0.AV 


4.0 


- 


- 


mA 


X LO 


Output Leakage Current 


CEl=V IH or CE2=V IL or 
OE =v IH» V OUT -0^V DD 


- 


- 


±1.0 


PA 


X DD01 


Operating Current 


CEl=V IL and CE2=V IR 
and R/W=V IR , I OUT =0mA 
Other In Put=V IH /V IL 
t C y C 2 e =Min. cycle 


- 


- 


80 


mA 


IDD02 


CEl=0.2V and CE2=V DD -0.2V 

R/W=V DD -0.2V, I 0UT =0mA 

Other Input=V DD -0.2V/0.2V 
t c y C i e =Min. cycle 


- 


- 


70 


mA 


X DDS1 


Standby Current 


CE1«V IH or CE2=V IL 


- 


- 


3 


mA 


IDDS2 


CE1=V DD -0.2V or CE2=0.2V 

V DD =2.0V-v5.5V, 

Ta=0^70°C 


- 


- 


100 


yA 



1 CAPACITANCE! (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


10 


pF 


c 0UT 


Output Capacitance 


Vqut = GND 


10 



Note: This parameter periodically sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=0'W0 o C, V DD =5V±10%) 



Read Cycle 



SYMBOL 


PARAMETER 


TC5 510 01PL-70 
TC551001FL-70 


TC5 51 001 PL -85 
TC551001FL-85 


TC5510 01PL-10 
TC551001FL-10 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


70 


- 


85 


- 


100 


- 


ns 


tACC 


Address Access Time 


- 


70 


- 


85 


- 


100 


t C01 


CEl Access Time 


- 


70 


- 


85 


- 


100 


t C02 


CE2 Access Time 


- 


70 


- 


85 


- 


100 


tOE 


Output Enable to Output in Valid 


- 


40 


- 


45 


- 


50 


tCOE 


Chip Enable (CEl, CE2) to Output 
in Low-Z 


5 


- 


10 


- 


10 


- 


tOEE 


Output Enable to Output in Low-Z 





- 





- 





- 


tOD 


Chip Enable (CEl, CE2) to Output 
in High-Z 


- 


30 


- 


30 


- 


35 


tODO 


Output Enable to Output in High-Z 


- 


30 


- 


30 


- 


35 


tOH 


Output Data Hold Time 


10 


- 


10 


- 


10 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC5 51001PL-70 
TC5 51001FL-70 


TC5 51001PL-85 
TC5510 01FL-85 


TC5 51001PL-10 
TC551001FL-10 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


fr,o 
'WW 


Write Cycle Time 


70 


- 


85 


- 


1U0 


- 


ns 


C WP 


Write Pulse Width 


50 


- 


60 


- 


60 


- 


tew 


Chip Selection to End of Write 


65 


- 


75 


- 


80 


- 


tAS 


Address Set up Time 





- 





- 





- 


tWR 


Write Recovery Time 





- 





- 





- 


t ODW 


R/W to Output in High-Z 


- 


30 


- 


30 


- 


35 


tOEW 


R/W to Output in Low-Z 





- 





- 





- 


tDS 


Data Set up Time 


35 


- 


35 


- 


40 


- 


t DH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITION 

• Output Load 

• Input Pulse Level 

• Timing Measurement 

Reference Levels 



: lOOpF 4- 1 TTL Gate 

: 0.6V, 2.4V 

V IN : 0.8V, 2.2V 

V 0UT : 0.8V, 2.2V 

: 5ns 
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READ CYCLE (1) 



ADDRESSES 



CE2 



CE1 



D OUT 




WRITE CYCLE 1 (4) (R/W Controlled Write) 



ADDRESSES 



R/lV 



X 



tAS 



CE2 



cn 



D OUT 



J IN 



(2) 



twc 



t ODW. 



twp 



K 



V 



tear 



*cw 



tDS 



l WR 



tQEW 



l DH 



M~DATA IN STABLE ^ 



(3) 
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WRITE CYCLE 2 (A) (CE1 Controlled Write) 



ADDRESSES 



R/W 



J. 



twc 



> J 



mmmmmt^^///////////////////////////, 



CE2 



CE1 



D OUT 



»IN 



i m 



tCOE 



l CW 



*cw 



l ODW 



l DS 



:/ 



tWR 



X 



DATA IN STABLE 



l DH 



K 



WRITE CYCLE 3 (A) (CE2 Controlled Write) 

*wc 



ADDRESSES 



R/W 



X 



^AS 1 



CE2 



CE1 



D OUT 



Pin 



tcOE . 



twp 



tew 



K 



tew 




i tQDW 



l DS 



twR 



JC 



l DH, 



M^DATA IN STABLE j)^ 
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NOTE: 

(1) R/W is High for Read Cycle. 

(2) Assuming that CEl Low transition or CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that CEl High transition or CE2 Low transition occurs coincident 
with or prior to R/W High transition, outputs remain in a high impedance 
state. 

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

DATA RETENTION CHARACTERISTICS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V DH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


IDDS2 


Standby Current 


V DD =3.0V 


- 


- 


50 


yA 


V DD =5.5V 


- 


- 


100 


C CDR 


Chip Deselection to Data Retention Mode 





- 


- 


nS 


C R 


Recovery Time 


5 


- 


- 


mS 



CEl Controlled Data Retention Mode (1) 



4.5 V • 

VlH " 
<2s T D 



V D D 



JEt: 



CEl 



(2) 



l CDR 



DATA RETENTION MODE 



Vrm- 0.2V 



(2) 



tR 
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CE2 Controlled Data Retention Mode (3) 



V DD 



DATA RETENTION MODE 



CE2 




^m 



0.2 V 



rmrm 



GND 



NOTE: 



(1) In CE1 controlled data retention mode, minimum standby current mode 
is achieved under the condition of CE2 10.2V or CE2 i V DD -0 . 2V. 

(2) If the V IH of CE1 is 2.2V in operation, during the period that the 
V DD voltage is going down from 4.5V to 2.4V, I^dsI current flows. 

(3) In CE2 controlled data retention mode, minimum standby current mode 
is achieved under the condition of CE2 = 0.2V. 
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DIP 32 PIN OUTLINE DRAWING (DIP32-P-600) 



32 17 

nnnnnnnnnnnnnnnn 



> 



uuuu 
1 



UUUUUUUUUUUU 

16 



Unit in mm 




i-3C 




■e- 0.2 5© 



oo 

+ I 



Note) Package width and length do not include mold protrusion. 
Allowable mold protrusion is 0.15mm. 



MFP 32 PIN OUTLINE DRAWING (S0P32-P-450) 



0.775 TIT 



MIMMMIMM 

J |^03 5 ±0.1 ^ 



1 1.27 1 ' ' 1-^|0.12© | 



JL 



0.7 7 5 TIT 



20.6±0.2 



te^^^^s^^m^ 



iol 0.1 



J 



^ 




Note) Package width and length do not include mold protrusion. 
Allowable mold protrusion is 0.15mmc 
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TOSHIBA MOS MEMORY PRODUCTS 



32,768 WORDX8 BIT CMOS PSEUDO STATIC RAM 
SILICON GATE CMOS 



TC51832P/SP/F-85 f TC51832P/SP/F-10 
TC51832P/SP/M2 



DESCRIPTION 

The TC51832P/SP/F is a 256K high speed CMOS 
pseudo static RAM organized as 32,768 words by 8 bits. 
The TC51832P/SP/F utilizing one transistor dynamic 
memory cell with CMOS peripheral circuit provides 
large capacity, high speed and low power features. Sys- 
tem oriented features include _s[ngle power supply of 
5V ± 10% tolerance. The OE/RFSH input allows two 
types of refresh operation — auto refresh and self 



refresh. The TC51832P/SP/F also features static RAM 
like write function that the input data is written into the 
memory cell at the rising edge of R/W, thus being easy to 
interface with microprocessor. The TC51832P/SP/F is 
a pin-compatible with 256K bit CMOS static RAM - 
TC55257P and is moulded a standard 0.6 inch and 0.3 
inch width plastic DIP and small-out line plastic flat 
package. 



FEATURES 

• Organization: 32,768 word x 8 bit 

• Fast Access Time and Cycle Time 





TC51832P/ 

SP/F-85 


TC51832P/ 
SP/F-10 


TC51832P/ 
SP/F-12 


tCEA CE Access Time 


85ns 


100ns 


1 20ns 


*OEA Oi= Access Time 


35ns 


40ns 


50ns 


t RC Cycle Time 


135ns 


160ns 


190ns 



• Single Power Supply: 5V ± 10% 

• Static RAM like Write Function 

• All inputs and outputs: TTL Compatible 

PIN CONNECTION (TOP VIEW) 



Low Power Dissipation 
Operating: (Max.) 

303mW (TC51832P/SP/F-85) 
248mW (TC51832P/SP/F-10) 
220mW (TC51832P/SP/F-12) 
Standby: 5.5mW (Max.) 
Self Refresh: 5.5mW (Max.) 
Two types of Refresh Operation Capability 
Auto Refresh 
Self Refresh 
Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 



Al4 
A12 

A7 

A6 
A 5 



A4 

A3 

A2 

Al 

AO 
I/Ql C 
I/0 2C 
I/0 3C 

ON DC 



1 
2 

3 

4 

5 

d e 



^y 



PIN NAMES 



] V DD 

]A13 
JA8 

3A9 

}A11 

3.0E/RPSH 



20 

19 
18 

17 
16 
15p 



28 

27 
26 
25 
24 
23 
22 
21&A10 



JCE 
]l/08 
31/0 7 
31/06 
31/05 
1/04 



A0-A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE/RFSH 


Output Enable/Refresh Input 


CE 


Chip Enable Input 


1/01 ~ I/08 


Data Input/Output 


V DD 


Power (+5V) 


GND 


Ground 



BLOCK DIAGRAM 



f f 



CO 



_\ COLUMN 

A14-A8 7; ADDRESS 

L - / BUFFER^ 

A7-A0 R) 



ECW 
ADDRESS 



BUFFER (8) -" 



8 



REFRESH 
COUNTERiS, 



GE/RFSH O- 



R/V o- 



ULOCK 

GENE RAT OR 

-k>- 



^TcOLuIS 
-V DSCO DER 



SENS AMP. 
I/O GATS 



)"TW 



C5Q 



MEMORY 

ARRAY 



<tl 



$ 



Ir 



re fresh 
controller 



TIMER 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 


1 


V OUT 


Output Voltage 


-1.0-7.0 


V 


Vdd 


Power Supply Voltage 


-1.0-7.0 


V 


T OPR 


Operating Temperature 


0-70 


°C 


T STG 


Storage Temperature 


-55 ~ 1 50 


°C 


T SOLDER 


Soldering Temperature # Time 


260-10 


~ 

C'sec 


P D 


Power Dissipation 


600 


mW 


'out 


Short Circuit Output Current 


50 


mA 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta = - 70°C) 



SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNIT 


NOTES 


Vdd 


Power Supply Voltage 


4.5 


5.0 


5^5 ' ' 


V 


2 


V| H 


Input High Voltage 


2.4 


- 


6.5 


V 


V|L 


Input Low Voltage 


-1.0 


- 


O.S 


V 



D.C. ELECTRICAL CHARACTERISTICS (V D 



5V± 10%, Ta=0- 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 


Iddo 


OPERATING CURRENT 

Average Power Supply Operating Current 

(CE, Address Cycling: t RC = t RC MIN) 


TC51832P/SP/F-85 


- 


55 


mA 


3,4 


TC51832P/SP/F-10 


_ 


45 


TC51832P/SP/F-12 


- 


40 


'ddsi 


STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 

(CE = OE/RFSH = Vih) 


- 


1 


mA 




'ddf 


SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 

(CE = Vdd-0.2V, OE/RFSH - 0.2V; 


- 


1 


mA 




•l(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < V| N < V DD , All Other Inputs not under Test = 


0V) 


-10 


10 


ma 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(Dout is disable, 0V < VouT< Vdd) 


-10 


10 


ma 




V H 


OUTPUT HIGH LEVEL 

Output "H" Level Voltage (Iqut = — 5mA) 


2.4 


- 


V 




Vol 


OUTPUT LOW LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 


- 


0.4 


V 
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TC51832P/SP/F-85, TC51832P/SP/F-10 

TC51832P/SP/F-12 



ELECTRICAL CHARACTERISTCS AND RECOMMENDED AC OPERATING CONDITIONS 

( V DD = 5V ± 10%, Ta = ~ 70°C) (Notes 5, 6, 7, 8, 9) 



SYMBOL 


PARAMETER 


TC51832P/ 
SP/F-85 


TC51832P/ 
SP/F-10 


TC51832P/ 
SP/F-12 


UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Random Read or Write Cycle Time 


135 


- 


160 


- 


190 


- 


ns 




t RMW 


Read Write Cycle Time 


200 


- 


240 


- 


280 


_ 


ns 




tCE 


CE Pulse Width 


85 


1 0,000 


100 


10,000 


120 


1 0,000 


ns 




tp 


CE Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




t CEA 


CE Access Time 


- 


85 


- 


100 


- 


120 


ns 




tOEA 


OE Access Time 


- 


35 


- 


40 


- 


50 


ns 




*CLZ 


CE to Output in Low-Z 


10 


- 


10 


- 


10 


- 


ns 




toi.z 


OE to Output in Low-Z 





- 





- 





- 


ns 




tWLZ 


R/W to Output in Low-Z 





_ 





- 





- 


ns 




tCHZ 


CE to Output in. High-Z 





25 





30 





35 


ns 


10 


^OHZ 


OE to Output in High-Z 





25 





30 





35 


ns 


10 


tWHZ 


R/W to Output in High-Z 





25 





30 





35 


ns 


10 


"toHC 


OE Hold Time Referenced to CE 





_ 





- 





_ 


ns 




tfJSC 


OE Set-Up Time Referenced to CE 


10 


- 


10 


- 


10 


_ 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time 





_. 





- 





- 


ns 




t\/VP 


Write Pulse Width 


60 


- 


70 


_ 


85 


- 


ns 




tWCH 


Write Command Hold Time 


60 


™ 


70 


- 


85 


- 


ns 




t CWL 


Write Command to CE Lead Time 


60 


- 


70 


- 


85 


- 


ns 




tpSW 


Data Set-Up Time Referenced to R/W 


35 


- 


40 


- 


50 


- 


ns 


11 


t DSC 


Data Set-Up Time Referenced to CE 


35 


- 


40 


_ 


50 


- 


ns 


11 


t DHW 


Data Hold Time Referenced to R/W 





- 





- 





- 


ns 


11 


t DHC 


Data Hold Time Referenced to CE 





- 





- 





- 


ns 


11 


t ASC 


Address Set- Up Time 





_ 





- 





- 


ns 


12 


t AHC 


Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 


12 


t F r 


Auto Refresh Cycle Time 


135 


- 


160 


- 


190 


- 


ns 




t RFD 


CE to RFSH Delay Time 


40 


- 


50 


- 


60 


- 


ns 




t FAP 


RFSH Pulse Width (Auto Refresh Cycle) 


80 


8,000 


80 


8,000 


80 


8,000 


ns 


13 


t Fp 


RFSH Precharge Time 


30 


- 


30 


- 


30 


- 


ns 


13 


t FCE 


RFSH Active to CE Delay Time 


160 


- 


190 


- 


225 


- 


ns 


13 


t FSR 


RFSH Precharge to CE Delay Time 
(Auto Refresh Cycle) 


65 


- 


80 


- 


95 


- 


ns 


13 


tFAS 


RFSH Pulse Width (Self Refresh Cycle) 


8,000 


- 


8,000 


- 


8,000 


- 


ns 


13 


tFRS 


RFSH Precharge to CE Delay Time 
(Self Refresh Cycle) 


160 


- 


190 


- 


225 


- 


ns 


13 


"tFST 


RFSH Set-Up Time 
(Refresh Counter Test Cycle) 


10 


30 


10 


30 


TO 


30 


ns 




t FHT 


RFSH Hold Time 

(Refresh Counter Test Cycle) 


65 


8,000 


65 


8,000 


65 


8,000 


ns 




t REF 


Refresh Period 


- 


4 


- 


4 


- 


4 


ms 




t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 



CAPACITANCE ( V DD = 5V, f = 1 MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


CI1 


Input Capacitance (AO ~ A14) 


- 


5 


pF 


CI2 


Input Capacitance (CE, OE/RFSH, R/W) 


- 


7 


pF 


CIO 


Input/Output Capacitance (1/01 ~ I/08) 


- 


7 


pF 



NOTE: This parameter is periodically sampled and is not 100% tested. 



NOTES: 
1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

All voltages are reference to GND. 
Iddo depend on cycle rate. 
Iddo depend on output loading. Specified value are obtained with the output open. 



10 



11 



13 



An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 

operation is achieved. 

AC measurements assume t T = 5ns. 

V| H (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 

are measured between Vm and Vil • 

Measured with a load equivalent to 2 TTL laods and 100pF. 

The OE/RFSH input operates as the output enable input (OE) and refresh control input (RFSH) under the 

condition of that CE"= V !L and CET= V iH , respectively. 

tcHZ* toHZ/ *whz define the time at which the output achieves the open circuit condition and is not 

reference to output voltage levels. 

In write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore the input data 

must be valid during set-up time (tosw, tpsc ) and hold time (t DH w> t DH c)- 

AN address are latched at the falling edge of CE, and must be valid during Tasc and Tahc . 

Two refresh operation — auto refresh and self refresh are determined by the OE/RFSH pulse width under the 

condition of CE = V )H . 

Auto refresh: 

Self refresh: 



OE/RFSH pulse width < t F AP (max.) 



OE/RFSH pulse width > t F AS (min.) 
The following timing parameter must be kept before device proper operation is achieved after refresh. 
Auto refresh: t FCE and t FSR 
Self refresh: t FRS 
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TC51832P/SP/F-85, TC51832P/SP/F-10 

TC51832P/SP/H2 



TIMING WAVEFORMS 

• READ CYCLE 

CE" 
A0-A14 

oe/rFsh 



U/W 



I/01-I/08 v OH 




YJTK Do,Vt Care 



WRITE CYCLE 



r/w 



Vih — 

VlL 

VlH ~~ 
VlL ~" 



OE/RFSH IH 

VlL 



ViH — 
VlL ™ 



I/01-I/08 VlH 
VlL 









1 RC 














tp J 






t CE 


n 




/ J ^ 


\ 




V J 






^sc 


^AHC 










I* 






& 


ADDRESS 


W///////////////////////////////////M 




1 t OSC 






"tQHC 




i 


J 


^WCH 




v_ 






t CWL 






t-Vyp 






\ 


- 


j""" 




t DSW 




t DHW 






t DSC 


t DHC 






"*. 






i 


DA T A - T M 


J 
















- 





£2] Don't Care 
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TC51832P/SP/F-85, TC51832P/SP/H0 
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• READ WRITE CYCLE 



CE 



vih— ~r 

VlL—S 



A0-A14 V IH' 

VlL- 



USC 



ADDRESS 



OE/RFSH 



P/ft 



:i-=^ 



'RCS 



« — IN 

I v il" 

I/O 1-1/0 8 



I — OUT 



V 0H — 

vol—" 



Y \ 



' %/////////////////////////////////////////////, 



^OHC 



\ I 



^OLZ 



'CEA 



X QEA,., 



fflftk- DATA-OUT } 



l CLZ 



t OSC 



\zz~£ 



t QHZ 



DATA- IN 



%LZ 



y//\ Don't Care 



CE ONLY REFRESH CYCLE 



VlH_— 7 :h 

Vtl— —/ - 



vil 

VlH 



;i:=^i 



'ASC 



ADDRESS 



OE/RFSH 



F/tt 



VlH — " 
VlL— - 

VlH — " 
VlL— - 



^osc 



t RSC 



l RC 



Y V 



• W/////////////////////////////////////M 



L OHC | 



7 



I/01-I/08 0H " 



. OPEN . 



m- 



on' t Care 
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• AUTO REFRESH CYCLE 



TC51 832P/SP/F-85, TC51 832P/SP/F-1 
TC51832P/SP/F-12 



'IL ' 



OE/RFSH 



'IL — 



s 



N. 



l RFD 



f Fp ♦ I 

t FA p . , l FAP K 

N==z/^hzK 



l FSR „ 



I/O 1-1/0 8 



v OL 



OPEN 



SELF REFRESH CYCLE 



CE 


VlH 




VlL 


OE/RFSH 


V IH 




VlL 


I/O 1-1/0 8 


VOH 



vol — 



NOTE: AO ~ A1 4, R/W = Don't Care 



X 



NOTE: AO ~ A14, R/W = Don't Care 



t FRS 



\. 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 



• REFRESH COUNTER TEST CYCLE (READ WRITE) 



CE 



B/K 



-IN 



l RMW 



v IH __~y 



A0-A14 V IH ■ 

VlL 



OE/RFSH VlH 

VlL — 



VlH — " 
VlL™ - 



'IH 



r V IL 

I/O 1-1/08 



Lqut 



v h 
Vol" 



X 



L FRD 



J, *F 



f 



H 



^ 



\ J 7~ 



L CWL 



^DSC 



t F , 



V 



'DHW 



'DHC 



\ DATA-IN jr 



DATA-OUT 



t CLZ 



> 



%LZj 



t CHZ 



g/^DonM 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832P/SP/F can be tested by REFRESH COUNTER TEST. 
This cycle performs READ/WRITE operation taking the internal counter address as row address 
and fixed zero as column address. 
The test procedure is as follows. 

© Write "0" into all the memory cells at normal write mode. 

© Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 
O Check "1 " out of 256 bits at normal read mode, wnich was written at @. 
® Read "1" out and write "0" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 
© Check "0" out of 256 bits at normal read mode, which was written at ®. 
@ Perform the above © to © the complement data. 
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OUTLINE DRAWINGS (6D28A-P) 

28 



Unit in mm 




28 



15 



I— JL_J1 — IUU UUUUUU ' 




7.6 2 ±0.2 5 



= +0.1 

5 -0.0 5 




0-15° 



NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with 
respect to No.1 and No. 28 leads. 
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TC51832P/SP/F-85, TC51832P/SP/M0 
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• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 



Unit in mm 



28 



15 



nnnnnnnnnnnnnn 




uuuuuuuuuuuuuu 



18.9MAX . 



0.43 ±0.1 



1.27 ±0.05 



1 IB ±0.3 



,=^ EK; 



NOTE: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



32.768 woRDxs bit cmos pseudo static ram T q 51 332pLysPL7FL-85 f TC51832PI7SPL7FL-10 

TC51832PL7SPL7FL-12 



SILICON GATE CMOS 



DESCRIPTION 

The TC51832PL/SPL/FL is a 256K bit high -speed 
CMOS pseudo static RAM organized as 32,768 words by 
8 bits. The TC51832PL/SPL/FL utilizing one transistor 
dynamic memory cell with CMOS peripheral circuit 
provides large capacity, high speed and low power 
features. System oriented features include single power 
supply of 5V ± 10% tolerance. The Ot/RFSH input 
allows two types of refresh operation — auto refresh and 



self refresh. The TC51832PL/SPL/FL also features static 
RAM like write function that the input data is written 
into the momory cell at the rising edge of R/W, thus 
being easy to interface with microprocessor. The 
TC51832PL/SPL/FL is a pin-compatible with 256K bit 
CMOS static RAM - TC55257P and is moulded a 
standard 0.6 inch and 0.3 inch width plastic DIP and 
small out-line plastic flat package. 



FEATURES 

• Organization: 32,768 word x 8 bit 

• Fast Access Time and Cycle Time 





TC51832PL/ 
SPL/FL-85 


TC51832PL/ 
SPF/FL-10 


TC51832PL/ 
SPF/FL-12 


*CEA CE Access Time 


85ns 


100ns 


120ns 


1 oea OE Access Time 


35ns 


40ns 


50ns 


t RC Cycle Time 135ns 


160ns 


IHOns 



• Single Power Supply: 5V ± 10% 

• Static RAM like Write Function 

PIN CONNECTION (top view) 



All inputs and outputs: TTL Compatible 
Low Power Dissipation 
Operating: (Max.) 

303mW (TC51832PL/SPL/FL-85) 
248mW (TC51832PL/SPL/FL-10) 
220mW (TC51832PL/SPL/FL-12) 
Standby: 1.1 mW (Max.) 
Self Refresh: 1.1mW (Max.) 
Two types of Refresh Operation Capability 
Auto Refresh 
Self Refresh 
Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 




PIN NAMES 



BLOCK DIAGRAM 



t t 



U4-A8 |7) ADDRESS 
L -v[ BUFFER t 

A7-A0 |jj 



COLUMN 



ROW 

ADDRESS 

EUFFSR(8) 



REFRECH 
COUNTERS) 

T 



A0~ A14 


Address Inputs 


R/W 


Read/Write Control Input 


OE/RFSH 


Output Enable/Refresh Input 


CE 


Chip Enable Input 


1/01 ~ I/08 


Data Input/Output 


V D D 


Power (+5V) 


GND 


Ground 



CLOCK 
GENERATOR 



•EH FEE O— ■«■ ^^D" 



7N column 

~y DECODER 



SENS AMP. 
I/O Q ATE 



V 



;ii 



MEMORY 
ARRAY 



REFRESH H 

_J CONTROLLER 



l*€l 



Ml E 



REFFlESH 



R/WO- 






)l 
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TC51 832PI/SPL/FL-85, TC51 832PL/SPL/FM 
TC51832PL/SPL/FL-12 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


NOTES 


V|N 


Input Voltage 


-1.0-7.0 


V 




V OUT 


Output Voltage 


-1.0^7.0 


V 




Vdd 


Power Supply Voltage 


-1.0-7.0 


V 




TOPR 


Operating Temperature 


0-70 


°C 




TSTG 


Storage Temperature 


-55 - 1 50 


°C 




TSOLDER 


Soldering Temperature*Time 


260-10 


C*sec 




P D 


Power Dissipation 


600 


mW 




'out 


Short Circuit Output Current 


50 


mA 





D.C. RECOMMENDED OPERATING CONDITIONS (Ta = - 70°C) 



SYMBOL 


ITEM 


MIN. 
Z4 


TYP. 


MAX. 


UNIT 


NOTES 


v D d 


Power Supply Voltage 


5.0 


5.5 


V 


2 


V| H 


Input High Voltage 


- 


6.5 


V 


2 


V|L 


Input Low Voltage 


-1.0 


- 


0.8 


V 


2 



D.C. ELECTRICAL CHARACTERISTICS (V DD = 5V ± 10%, Ta = - 70°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


NOTES 


'ddo 


OPERATING CURRENT 1 
Average Power Supply Operating Current 
(CE, Address Cycling: t RC - t RC MIN) 


TC51832PL/SPL/FL-85 


- 


55 


mA 


3,4 


TC51832PL/SPL/FL-10 


- 


45 


TC51832PL/SPL/FL-12 


__ 


40 


>DDS1 


STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 

(CE=OE/RFSH = V !H ) 


- 


1 


mA 




'DDS2 


STANDBY CURRENT 2 

Power Supply Standby Current, CMOS Level Input 

(CE = OE/RFSH = V D D-0.2V) 


- 


0.2 


mA 




'ddf 


SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 




- 


0.2 


mA 




(CE = VDD-0.2V, OE/RFSH = 0.2V) 


'l(L) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < Vin < Vdd, All Other Inputs not under Test = 0V) 


-10 


10 


ma 




'O(L) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disable, 0V < V uT < V DD ) 


-10 


10 


ma 




VOH 


OUTPUT HIGH LEVEL 

Output "H" Level Voltage 0qut = — 5mA) 


2.4 


- 


V 




Vol 


OUTPUT LOW LEVEL 

Output "L" Level Voltage (lour = 4.2mA) 


- 


0.4 


V 
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TC5I 832PL/SPL/FL-85, TC51 832Pt/SP£/FL-1 
TC51832PL/SPL/FL-12 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V DD = 5V± 10%, Ta = 0~70°C) (Notes 5, 6, 7, 8, 9) 



SYMBOL 


PARAMETER 


TC51832SPL/ 

SPL/FL-85 


TC51832PL/ 

SPL/FL-10 


TC51832PL/ 

SPL/FL-12 


j 
UNIT 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read or Write Cycle Time 


135 


- 


160 


_ 


190 


_ 


ns 




t RMW 


Read Write Cycle Time 


200 


- 


240 


- 


280 


_ 


ns 




tCE 


CE Pulse Width 


85 


10,000 


100 


1 0,000 


120 


10,000 


ns 




t P 


CE Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




^EA 


CE Access Time 


- 


85 


- 


100 . 


- 


120 


ns 




tfJEA 


OE Access Time 


_ 


35 


- 


"40 ' 


- 


50 


ns 




t CLZ 


CE to Output in Low-Z 


10 


- 


10 


_ 


10 


- 


ns 




tfJLZ 


OE to Output in Low-Z 





_ 





__ 





- 


ns 




t WLZ 


R/W to Output in Low-Z 





_ 





- 





- 


ns 




t CHZ 


CE to Output in High-Z 


1 


25 


o 1 


30 





35 


ns 


10 


t OHZ 


OE to Output in High-Z 





25 





30 





35 


ns 


10 


t WHZ 


R/W to Output in High-Z 





25 





30 





35 


ns 


10 


t OHC 


OE Hold Time Referenced to CE 





- 





- 





- 


ns 




t OSC 


OE Set-Up Time Referenced to CE 


10 


- 


10 


- 


10 


__ 


ns 




t RCS 


Read Command Set-Up Tjme 





_ 





_ 





- 


ns 




tRCH 


Read Command Hold Time 


' 


_ 





- 





_ 


ns 




twP 


Write Pulse Width 


60 


_ 


70 


- 


85 


_ 


ns 




t\A/CH 


Write Command Hold Time 


60 1 


- 


70 


_ 


85 


— 


ns 




tCWL 


Write Command to CE Lead Time 


60 


- 


70 


- 


85 


_ 


ns 




t DSW 


Data Set- Up Time Referenced to R/W 


35 


- 


40 "^ 


- 


50 


- 


ns 


11 


t DSC 


Data Set-Up Time Referenced to CE 35 


_- 


40 


- 


50 


__ 


ns 


11 


X DH\N 


Data Hold Time Referenced to R/W 





■ 





- 





_ 


"ns 


11 


t DHC 


Data Hold Time Referenced to CE 





- 





_ 





- 


ns 


11 


t ASC 


Address Set~Up Time 





_ 





- 


o 'y^~ 


ns 


12 


"tAHC 


Address Hold Time 


20 


_ 


25 


- 


30 ' - 


ns 


12 


tFC 


Auto Refresh Cycle Time 


135 


_ 


160 


_ 


190 I - 


ns 




1 RFD 


CE io RFSH Delay Time 


40 


_ 


50 


- 


60 


- 


ns 




X FAP 


RFSH Pulse Width (Auto Refresh Cycle) 


80 


8,000 


80 


8,000 


80 


8,000 


ns 


13 


tFP 


RFSH Precharge Time 


30 


- 


30 


- 


30 


_ 


ns 


13 


tFCE 


RFSH Active to CE Delay Time 


160 


- 


190 


- 


225 


_ 


ns 


13 


tFSR 


RFSH Precharge to CE Delay Time 
(Auto Refresh Cycle) 


65 


- 


80 


- 


95 


- 


ns 


13 


^AS 


RFSH Pulse Width (Self Refresh Cycle) 


8,000 


__ 


8,000 


- 


8,000 


- 


ns 


13 


tFRS 


RFSH Precharge to "CE Delay Time 
(Self Refresh Cycle) 


160 


- 


190 


- 


225 


- 


ns 


13 


*FST 


RFSH Set-UpTime 
(Refresh Counter Test Cycle) 


10 


30 


10 


30 


10 


30 


ns 




tFHT 


RFSH Hold Time 

(Refresh Counter Test Cycle) 


65 


8,000 


65 


8,000 


65 


8,000 


ns 




tREF 


Refresh Period 


- 


4 


- 


4 


— 


4 


ms 




t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FM0 
TC51832PL/SPL/FL-I2 



CAPACITANCE (V DD = 5V, f = 1MHz, Ta = 25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


CI1 


Input Capacitance (A0~ A14) 


- 


5 


l-'F-" 


CI2 


Input Capacitance (CE, OE/RFSH, R/W) 


- 


7 


PF 


CIO 


Input/Output Capacitance (1/01 ~ I/08) 


- 


7 


Pf 



NOTE: This parameter is periodically sampled and is not 100% tested. 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are reference to GND. 

3. Iddo depend on cycle rate. 

4. I DD0 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 
operation is achieved. 

6. AC measurements assume tT = 5ns. 

7. Vih (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V| H and V [L . 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. The OE/RFSH input operates as the output enable input (OE) and refresh control input (RFSH) under the 
condition of that CE = V| L and CE = V m , respectively. 

10. tcHz, toHZ» fwHZ define the time at which the output achieves the open circuit condition and is not 
reference to output voltage levels. 

11. In write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore the input data 
must be valid during set-up time (t DSW , t DSC ) and hold time (t DH w , tonic). 

12. All address are latched at the falling edge of CE, and must be valid during t A sc a nd t A H c- 

13. Two refresh operation — auto refresh and self refresh are determined by the OE/RFSH pulse width under the 



L-UI IUI UUI I Ul UL " 



V|H 



Auto refresh: OE/R~FSH pulse width < t FAP (max.) 
Self refresh: OE/RFSH pulse width ^ t FAS (min.) 
The following timing parameter must be kept before device proper operation is achieved after refresh. 



Auto refresh: 
Self refresh: 



L FCE 
^FRS 



and t F 
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TC51832PL/SPL/FL-85, TC51832PI/SPL/FM0 
TC51832PL/SPI/FH2 



TIMING WAVEFORMS 

• READ CYCLE 



tffi 



A0-A14 



OE/RFSH 



ViH — " 
VlL ~ 

ViH " 
'iL " 



t ASC 



tRC 




C AHC 



ADDRESS 



R/W 



I/O 1-1/08 



'IH 
'iL 



'IH 
'iL 



VOH 




Y \ 



' M///////////////////////////////M 



^OHC 



\ 



L 



t CEA 



tQEA 



t CLZ 



I tQSC 



tCHZ 



\ 



tQHZ 



DATA-OUT 



T 



//// Don 



WRITE CYCLE 



V IH 

CE „ 



V IH 



:y 



:2C 



^ASC 



t CE 



C AHC 



OE/RFSH 



R/W 



I/O 1-1/08 



'IH 



V IH — " 
VlL — - 



V IH m 

VlL — " 



tWCH 



"Y 



t CWT J 



C WP 



/ 



\ 



tDSW 



<: 



DATA-IN 



Don 1 c care 
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TC51 832PL/SPL/FL-85, TC51 832PL/SPL/FM 
TC51832PL/SPL/FL-12 



• READ WRITE CYCLE 



VlH ~7 N: 



A0-A14 



I ^ASC 

v IL —JJ\ 



C AHC 



ADDRESS 



R/W 



•IN 



I/O 1-^/08 



'IL 



'IL 



'IH 



& 



L 



OUT 



"OL 



tOHC 



t OLZ 



t CLZ 



f ^ 



• w////////////////////////////////////////m 



L 



c OEA 



7 



\ .. t twp J y g 



^CWL 



C DSW 



t DHW 



t DSC 



C 



DATA-IN 



C WHZ 



tQHZ 



DATA- 



■out|- 



tWLZ 



> 



t ORZ 



<fflMi 



//// Don 



• CE ONLY REFRESH CYCLE 



cs 



vih 

Vl 



i-y t 



'IH ~ 



tAHC 



ADDRESS 



__ y v IH — ■ y 

OE/ F.FSH / 

Vtt. — ' 



R/W 



7 



C RSC 



C CE 



tp 



r\ 



W//////M/////////////W////////////W. 



tQHC j 



tRCH 



K 



I/O 1-1/0 3 



^ol 



m^ x 
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TG51832PL/SPL/FL-85. TC51832PL/SPL/FL-10 

TC51832PL/SPL/FM2 



• AUTO REFRESH CYCLE 



CE 



OE/ RFSH 



'IL 



y 



K 



: RFD 



C FC 



*r I tFAP ! J ^ C FAP t 

^ — Y Y — Y 



C FCE 



I/O 1-1/0 6 



OPEN 



SELF REFRESH CYCLE 



NOTE: A0~ A1 4, R/W - Don't care 



OE^RFSH 



VlL 



VlL 




t FAS 



\. 



-/ 



I/O 1-1/08 



V H 



NOTE: AG- A1 4, R/W = Don't care 
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TC51 832PL/SPL/FL-85, TC51 832PL/SPL/FM 
TC51832PL/SPL/FM2 



• REFRESH COUNTER TEST CYCLE (READ WRITE) 



OE/RFSH 



R/W 



VlH 
VlL 

ViH 

VlH 
VlL 

VlH 



:j 



x 



X 



t FST 



f 



r-iN VlH -- 

I v IL — 

I/O 1-1/0 8 



-OUT 



^OH 



tCRA 



t 08C 



\ , , twp L \f 



tGWL 



I 



t DHW 



i DA T A- I N £■ 



tWHZ 



t OHZ 



DATA-OUT ^ 






tCLZ 



//// Don 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832PL/SPL/FL can be tested by REFRESH COUNTER 
TEST. This cycle performs READ/WRITE operation taking the internal counter address as row 
address and fixed zero as column address. 
The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 
© Check "1 " out of 256 bits at normal read mode, which was written at ©. 
@ Read "1" out and write "0" in each ceil by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 
© Check "0" out of 256 bits at normal read mode, which was written at @. 
© Perform the above © to © the complement data. 
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TC51 832PL/SPL/FL-85, TC5I 832PL/SPU FL-1 
TC51832PL/SPL/FL-12 



• OUTLINE DRAWINGS (6D28A-P) 



28 15 
i—ir-ir-ir-ir-ir-ir-ir-ir-ii — i i— i n i—i i— i 




) 


< 



Unit in mm 






3 8.0 MAX 




trrti 




T-4 ^ 



0.5 ± 0.1 5 



1.4 ±0.1 5 



2.5 4 ±0.2 5 



1 5.2 4 ±0.2 5 



^ 



+ 0.1 
0.2 5 - 0.0 5 



0— 15° 



3 5.0 MAX. 




76 2 ±0.2 5 



= +0.1 
3 -0.0 5 




0-15° 



NOTES: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect to No.1 and No. 28 leads. 
All dimensions are in millimeters. 
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TC51 832PL/SPL/FL-85, TC51 832PL/SPI/FL-1 
TC51832PL/SPL/FL-12 

• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 



Unit in mm 



15 



nnnnnnnnnnnnnn 




uuuuuuuuuuuuuu 



14 



0.43 ± 0.1 



1 IB ±0.3 



j< k, 



NOTE: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC51 81 28AP/ASP/AF/APL/ASPI/AFL-80, TC51 81 28AP/ASP/AF/APL/ASPL/AFH 2 

TC51 81 28AP/ASP/AF/APL/ASPI/AFL-1 



DESCRIPTION 



The TC518128AP Family is a 1M bit high speed CMOS Pseudo Static RAM organized as 131,072 
words by 8 bits. The TC518128AP Family utilizing one transistor dynamic memory cell with 
CMOS peripheral circuit provides large capacity, hig h spe ed and low power features. The 
feature includes single power supply of 5V±10%. The RFSH input allows two types of re- 
fresh operation - auto refresh and self refresh. The TC518128AP Family also features 
static RAM like write function that the input data is written into the memory cell at the 
rising edge of R/W, thus being easy to interface with microprocessor. 

The TC518128AP Family is a pin-compatible with 1M bit CMOS static RAM - JEDEC standard and 
is moulded in a 32 pin standard 0.6 inch and 0.3 inch width plastic DIP and small-out 
line plastic flat package. 



FEATURES 



Organization: Hi bit(131,072 wordx8bit) 
Fast Access Time and 

Low Power Dissipation 



^^ — — __ 


TC518128AP Family 


-80 


-10 


-12 


tCEA CE Access Time 


80ns 


100ns 


120ns 


c OEA OE" Access Time 


35ns 


40ns 


50ns 


r RC Cycle Time 


130ns 


160ns 


190ns 


Pd -Operating (Max.) 


385mW 


330mW 


275mW 


Self Refresh Current 


lmA/200yA(-L) 


PIN CONNECTION | 









Single Power Supply: 5V±10% 

Auto refresh is capable by internal 

counter. 
Self refresh is capable by internal 

timer. 
All inputs and outputs: TTL compatible 
512 refresh cycle/8ms 
Pin Compatible: 1M SRAM (JEDEC) 
Logic Compatible: SRAM R/W Pin 
32 Pin Standard Plastic PKG 

AP/APL : 600 mil DIP 

ASP/ASPL: 300 mil DIP 

AF/AFL : 450 mil SOP 



RFSHC l 

A16C 2 

A14 C 3 

A12C * 

A7C 5 

A6C 6 

A5C 7 

A4[ 8 

A3C 9 

A2C 10 

A1C 11 

A0C 12 

I/Ol C 13 

1/02 C 14 

1/03 C 15 

GNDC 16 



TOP VIEW) 

32 h V DD 
31 3A15 



30 3 CE2 



3 R/W 
] A13 
JA8 
3A9 
3 Ail 
3 0E 
3 A10 
3 CE1 
3 1/08 
3 1/07 
3 1/06 
3 1/05 
3 1/04 



BLOCK DIAGRAM 



V DD 



? ? 



A 16-9 8 



COLUMN 
ADDRESS 
BUFFER (I 



AS 



PIN NAMES 1 


AO a, A16 


Address Inputs 


R/W 


Read/Write Control 
Input 


Of 


Output Enable Input 


RFSH 


Refresh Input 


CE1, CE2 


Chip Enable Inputs 


1/01^1/08 


Data Inputs/Outputs 


VDD 


Power 


GND 


Ground 



-o($ 



ROW ADDRESS 
BUFFER (9) 



COLUMN 
DECODER 



SENSE AMP. 
I/O GATE 



O ^ 



REFRESH 
COUNT ER(9) 



9 9 



CE1C 

CE2 O*. 

RFSH °" 
OE O- 



CLOCK 
GENERATOR 



512 



-- 256x8 



31 



MEMORY 
ARRAY 



512x256x8 









i^ 



n 



H REFRESH 
CONTROLLER 



REFRESH 
TIMER 



MS* 

o a 






R/W O- 



:=0- 



00 

! 



X 
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TC518128AP/ASP/AF/API/ASN/AFL-80, TC51 81 28AP/ASP/AF/API/ASPL/AFL-1 2 
TC51 81 28AP/ASP/AF/APL/ASP1/AFL-1 



FUNCTION LOGIC 














CEl 


CE2 


OE 


R/W 




ACKA16 


1/01 ^8 


CONDITION 


RFSH 


L 
L 
L 


H 
H 
H 


L 
H 


H 
L 
H 


* 




OUT 

IN 

HZ 


Read 

Write 

CE only Refresh 


H 


L 


* 
* 


* 


L 
L 


* 
* 


HZ 
HZ 


Auto/Self Refresh 
Auto/Self Refresh 


H 
* 


L 


* 

* 


* 


H 
H 


■k 


HZ 
HZ 


Stand by 
Stand by 



H — High Level Input (Vij.j=6.5V ^ Vih min.) 
L — Low Level Input (Vin-Vjl max. ^ -1.0V) 

* — Don^_t_care (6.5V^-1.0V) 

V* - At CEl falling edge (CE2=H) or CE2 rising edge (CE1=L) , all address 

inputs are "IN", and at the other condition, the address input are "*" 
HZ - High Impedance 



ABSOLUTE MAXIMUM RATINGS 
















SYMBOL 


ITEM 


RATING 


UNITS 


NOTE 


Vin 


Input Voltage 


-1.0 W.O 


V 


i 


VOUT 


Output Voltage 


-l.CK 7.0 


V 


vdd 


Power Supply Voltage 


-1.CH7.0 


V 


T OPR 


Operating Temperature 


^ 70 


°C 


TSTG 


Storage Temperature 


-55 ^150 


°C 


TSOLDER 


Soldering Temperature* Time 


260-10 


°C-sec 


PD 


Power Dissipation 


600 


mW 


I OUT 


Short Circuit Output Current 


50 


mA 



DC RECOMMENDED OPERATING CONDITIONS 


(Ta=0^ 70°C) 














SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


Vdd 


Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


2 


vih 


Input High Voltage 


2.4 


- 


6.5 


V 


vil 


Input Low Voltage 


-1.0 


- 


0.8 


V 
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TC5!8128AP/ASP/AF/APL/ASPt/AFL-80, TC518128AP/ASP/AF/API/ASPI/AFH2 
TC51 81 28AP/ASP/AF/APL/ASPI/AFL-1 



[DC ELECTRICAL CHARACTERISTICS I (V DD -5V±10%, Ta=70°C) 



NOTE*) 



SYMBOL 


PARAMETER 


PERIOD 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


IDDO 


Operating Current 

(Average Power Supply 

Operating Current) 

CEl, CE2, Address cycling: t RC =t RC MIN. 


130ns 


- 


50 


70 


mA 


3,4 


160ns 


- 


40 


60 


190ns 


- 


35 


50 


^DSl 


Standby Current 
CE1=V IF or CE2=V IL 
RFSH=Vih 


TC518128AP/ASP/AF 


- 


- 


2 


mA 




TC518128APL/ASPL/AFL 


- 


- 


1 


* I DDS2 


Standby Current 
CH=VDB-0.2V or CE2=0.2V, 
RFSH=Vdd-0.2V 


TC518128AP/ASP/AF 


- 


- 


1 


mA 




TC518128APL/ASPL/AFL 


- 


100 


200 


UA 


X DDF1 


Self Refresh Current 
CEI-Vih or CE2=ViL, 
RFSH=VIL 


TC518128AP/ASP/AF 


- 


- 


2 


mA 




TC518128APL/ASPL/AFL 


- 


- 


1 


* I DDF2 


Self Refresh Current 
CEl=v" DD -0.2V or 
CE2=0.2V, RFSH=0.2V 


TC518128AP/ASP/AF 


- 


- 


1 


mA 




TC518128APL/ASPL/AFL 


- 


100 


200 


yA 


^(D 


Input Leakage Current 

OV^IN^VbDj All other Inputs not under test=0V 


-10 


- 


10 


PA 




^(L) 


Output Leakage Current 

Output Disable (CEI^Vih or CE2=Vjl or 

OE=Vih or R/W=Vil), 0V<V UTiV DD 


-10 


- 


10 


yA 




VOH 


Output High Level 
I H=- 5 mA 


2.4 


- 


- 


V 




Vol 


Output Low Level 
IOL^^mA 


- 


- 


0.4 


V 





In standby mode and self refresh with CE1>Vj)tj-0.2V, these 
limits are guaranteed under the condition of CE2>Vtjtj-0. 2V 



specification 
, or CE2^0.2V. 



CAPACITANCE) (V DD »5V, f-lMH=, Ta=25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


C I1 


Input Capacitance (ACK.A16) 


- 


5 


pF 


Cl2 


Input Capacitance (CEl, CE2, OE, R/W, RFSH) 


- 


7 


pF 


Cio 


Input/Output Capacitance 


- 


7 


pF 



NOTE) This parameter is periodically sampled and is not 100% tested. 
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TC518128AP/ASP/AF/API7ASPI/AFL-80, TC518128AP/ASP/AF/APiyASPL/AFL-12 
TC51 81 28AP/ASP/AF/APL/ASPI/AFL-1 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 





(V DD =5V±10% > T 


a«<K70°C) 


(NOTES :5, 


6,7, 


8) 






SYMBOL 


PARAMETER 


-80 


-10 


-12 


UNITS 


NOTES 


MIN. 


MAX. I 


4IN. 


MAX. 


MIN. 


MAX. 


C RC 


Random Read, Write Cycle Time 


130 


- 


160 


- 


190 


- 


ns 




C RMW 


Read Modify Write Cycle Time 


1S5 


- 


235 


- 


280 


- 


ns 




tCE 


CE Pulse Width 


80 


10,000 


100 


10,000 


120 


10,000 


ns 


13 


tp 


CE Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




t CEA 


CE Access Time 


- 


80 


- 


100 


- 


120 


ns 




c OEA 


OE Access Time 


- 


35 


- 


40 


- 


50 


ns 




tCLZ 


CE to Output in Low-Z 


10 


- 


10 


- 


10 


- 


ns 




tOLZ 


OE to Output in Low-Z 





- 





- 





- 


ns 




C WLZ 


Output Active from End of Write 





- 





- 





- 


ns 




C CHZ 


Chip Disable to Output in High-Z 





25 





30 





35 


ns 


9 


tOHZ 


OE Disable to Output in High-Z 





25 





30 





35 


ns 


9 


C WHZ 


Write Enable to Output in High-Z 





25 





30 





35 


ns 


9 


tODS 


OE Output Disable Set-Up Time 





- 





- 





- 


ns 




t ODE 


OE Output Disable Hold Time 


10 


- 


10 


- 


10 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




C RCH 


Read Command Hold Time 





- 





- 





- 


ns 




C WP 


Write Pulse Width 


60 


- 


70 


- 


85 


- 


ns 




t WCH 


Write Command Hold Time 


60 


10,000 


70 


10,000 


85 


10,000 


ns 




tCWL 


Write Command to CE Lead Time 


60 


10,000 


70 


10,000 


85 


10,000 


ns 




tDSW 


Data Set-Up Time from R/W 


30 


- 


35 


- 


45 


- 


ns 


10 


C DSC 


Data Set-Up Time from CE 


30 


- 


35 


- 


45 


- 


ns 


10 


C DHW 


Data Hold Time from R/W 





- 





- 





- 


ns 


10 


tDHC 


Data Hold Time from CE 





- 





- 





- 


ns 


10 


t ASC 


Address Set-Up Time 





- 





- 





- 


ns 


11 


tAHC 


Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 


11 


t FC 


Auto Refresh Cycle Time 


130 


- 


160 


- 


190 


- 


ns 




tRFD 


RFSH Delay Time from CE 


40 


- 


50 


- 


60 


- 


ns 




C FAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000| 30 j 8,000 


30 


8,000 


ns 


12 


t F p 


RFSH Precharge Time 


30 


- 


30 


- 


30 


- 


ns 


12 


tRHC 


RFSH Command Hold Time 


15 


- 


15 


- 


15 


- 


ns 




C FAS iRFSH Pulse Width (Self Refresh) 


S,000 


- 


8,00( 


) 


8,000 


_ 


ns 


12 


t ¥RS 


CE Delay Tine from RFSH 
(Self Refresh) 


160 


- 


190 


- 


225 




ns 


12 


C REF 


Refresh Period (512 cycle, AO^AC) 


- 


8 


- 


8 


- 


8 


ms 




t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


2 


50 


ns 
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NOTES: 

1) Stress greater than those listed under "Absolute Maximum Ratings" may cause per- 
manent damage to the device. 

2) All voltages are referenced to GND. 

3) Iddo depends on cycle rate. 

4) *DDO depends on output loading. Specified values are obtained with the output 
open. 

5) An initial pause of lOOys with high CE1 or low CE2 is required after power-up, 
before proper device operation is achieved. 

6) AC measurements assume tj=5ns. 

7) Timing reference level 

Input Level : v"xh-2.6v* 

Vi L =0.6V 
Input Reference Level : Vxh = 2.4V 

Vxl=0.8V 
Output Reference Level: Voh = 2.2V 

Vql^o.sv 



INPUT 



,6V — _ 
0.6V ' V 



OUTPUT 



2.4 V 
0.8 V 



X 



2.2V 

0.8V 



INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 



8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) tCHZ> tOHZj tWHZ define the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10) In write cycles, the input data is latched at the earlier of R/W or CE1 rising 
edge and CE2 falling edge. Therefore the input data must be valid during set-up 
time (t D sw or t DSC ) and hold time (t DHW or t DHC ) . 

11) All address inputs are latched at the falling edge of CE1 and the rising edge of 
CE2. Therefore the all address inputs must be valid during t^sc anc ^ ^AHC* 

12) 



Two refresh operation - auto refres h an d self refresh are defined by the RFSH 
pulse width under the condition of CEI^Vxh or CE2=Vxl* 



Auto refresh: RFSH pulse width £ tpAP (max.) 

Self refresh: RFSH pulse width I tp A s (min.) 
The timing parameter (tp^g) must be kept for device proper operation in the 
following conditions. 

• after self refresh 

• in case of "RFSH"="L" after power-up 

13) The timings, tQECMIN.) and tcE(MAX*), must be kept for device proper operation 
as follows. 



CEi 



CE2 



VlH 
V IL 

VlH 
V 1L 



L CE 



CE2 
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[TIMING WAVEFORMS) 
READ CYCLE 



CEl 



CE2 



A0-A16 



OE 



VlH - 
VlL - 

VlH ~ 



y 



L ASCi. 



t AHC m \ 



r/w 



I/O 0- 1/08 



RFSH 



V IL — 't/'////*' 

v m — 

VlL — • 

VlH - 

VjL — 

V H — 

vol - 

Vih - 

VlL — 



ADDRESS 



I I 



l RCS !_ 



7T 



-+*- 



3l 



L RC 



L CE 



JL 



l CEA 



lOEA 



t BH (j . l OLZ 

^ *CLZ 



! L*p. 



v 



>_^ 



DATA-OUT 



/u1£lj\ 



z2> 



J tRCH 



X 



l CHZ 



> 



'RF D 



E 



WRITE CYCLE-1 (OE High Fix) 



CEl 



A0-A16 



V IH 
V IL 

Vth 
VlL 



2^ ¥ 



^ASC 



:sr^ 



*RC 



l CE 



J.J 



OE 



R/W 



"IL 



7T 



Vth ~ ' 



I/O 1-1/08 



RFSH 



'IH 



'IH 



'IH 



■* 



^CWL 



L WP 



ii 



L FRSi 



C DSC 



.^DSW „, 



< 



/ 



T^X 



y///// 



•DHW 



DATA-IN 



J l ODH 



X 



^^ 



—J. 



tRHC 



t FP 



A. ^p A 



[ DHC 



fr*- ^j t RFD 



2i 



|^| : Don ? t care 

Mote: The device can be operated with cycling "CEl" (or CE2) pin only, 

provided that "CE2" (or "CEl") is connected to V IH (or V IL ) level. 
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WRITE CYCLE-2 (OE CloclO 



CEl 



CE2 



V IH 
VlL 



ZZ7-1- 



tCE 



/ 



tASC 



A0-A16 



'IH' 



-MM. 



f 



l AHC 



z 



ADDRESS 



^///////////////////////////////////////m^^^ 



OE 






~1_ 



tRCS, 



tWGH 



R/W V IH 

V IL 



z r 



r IN 

i 

I/O 1-I/OS 

L- OUT 



V IH — 
VlL~" 



VOH — 



1 ^CLZ 



L OHZ 



L WP 



i 



DHW 



l CWL 



^DSC 



KWH 



^ data-inJ 



v OH 
v OL" 



^FRS 



■^ 



V////W//A 



V/> ////// 



* 



l OLZ 



■* 



tCHZ 



-mmnunt/n 



///////////////-, 



l RHC 

-• *■> 



RFSH V IH- 



/"■ tFP A 



V IL — 
WRITE CYCLE- 3 (OE Fix Low) 



^RFD J t FP 



T~X 



CEl 



CE2 



A0-A16 



V IH~ " 



'IH — 



\z 



"IL- 



'IH- 
VlL" 
Vffl- 
VlL" 



*RC 



7 



tCE 



TT 



l ASC , m t AHC » 

;m % ADDRE ss p//////////////////////////////////m^^^ 



tRCS . I 



twCH K 



r/w ;ih- 



'IL- 



z: 



tcWL 



t wp 



r 1 



'IL- 



I/O 1-1/08 

Lout v ° h - 
v ol- 



t FRS 



'-CLZ 



l RHC 



* 



a 



HVHZ 



l DSC 



^ "pATA-INjf 



^DHC 



tDSW 



L 



tpHW 



'/W/WA 



^WLZ 



/////// /////^ 



% 



C CHZ 



//////////////// 



2ZZ2ZZ2ZZZZ2ZZZ 

t RFD, t 



J" 



FP 



RFSH 



'IH 
'IL 



Z /T, '** IZJ\ 



"X~V 



E23 : Don't care ps-TD-E3 
Note: The device can be operated with cycling "CEl" (or "CE2") pin only, 
provided that ft CE2 M (or "CEl") is connected to V IH (or V IL ) level. 
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READ MODIFY WRITE CYCLE 



l RMW 



-J 



! U- 



I l F J 



CE1 



A0-A16 



'IH 



"IH 



X 



ASC ' 



v ih -45 



OE 



R/W 



'IL 



'IL 



l AHC 



K 



\ ^ 



- W////////////////////////////////M 



7\ 



r IN 

I/O 1-1/08 



L 



OUT 



VlH - 
VlL ~ 



V 0H — 
V 0L ~ 



31 £. 



-vvr ii 



l CWL 



tDSVV 



tFRS. 



l OLZ 



l CLZ 



CE ONLY REFRESH 



CE1 



'IH 



V IH" 



X 



fc OHZ 



tDHW 



^DSC 



l DHC 



<~ DATA-IN^ j) 



U \VLZ 



DATA-OUT ^ ^///^ 



t F p 



X 



n t RFD 



X 



T" 



CE2 



A0-A8 



Sil^-^f 



l ASC» , 



OE 



R/W 



V IH 



VlH- 
VlL 



V 1H 



V 0H 



l RC 



t CE 



/r 



. l AHC J 



> 



./ 



ADDRESS 



l 0DS . , 



T 



C RCS , 



X 



1/01-1/08 V 0L 



l FRS, 



OPEN 



'II/ 



A l FP ,\ 



I t 0DH 






IV 



t F p 



£ 



zzs 



''RFD 



Note: A9 - A16=Don , t care ^: Don't care 

The device can be operated with cycling "CE1" (or CE2) pin only, 
provided that "CE2" (or "CE1") is connected to Vj H (or V IL ) level. 
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RFSH AUTO REFRESH 



CE1 



CE1 



CE2 



RFSH 



VlH — 

VIL — - 

V IH — ' 
VlL — 



'IH- 
'IL- 



IH ' 



VlL 



/ 



WMMMMMM 



\ 



ti///////////M.W///////M 



l FC 



l FAP 



l FP 



l FC 



*FAP 



Z 



X 



iRHC^ 

-iilL. 



X 



I/O 1-1/08 



'OH 

vol 



OPEN 



NOTE: OE, R/W, A0^A16=Don f t care 



SELF REFRESH 



f77[ • Don't care 



CEl 



CE1 



CE2 



RFSH 



VlH — 



;= /' 



v IH — - 
VlL — 



V IH 
VlL 



v IH- 
VlL 



IH 
r IL 



W//////////W///////M I 



\ 



smmmuMMm 



t FP 



C FAS 



/ 



•FRS 



J 



tRH' 




I/O 1-1/08 



VOH — 

vol — " 



OPEN 



NOTE: OE, R/W, AO^ A^Dc-n't care 



P71 : Dpn't care 
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I OUTLINE DRAWINGS] (DIP32-P-600) 



Unit in mm 



32 17 
r—i r—i r— 1 1 — i r— i r-i i — 1 1 — t r—i i — i r~i r— t r~i r— i r~i r~i 




) 


J. 

© 
-H 

Q 

1 


LJLJLJLJLJLJLJLJLJLJLJLJLJLJLJLJ 





42.0 ±0.2 





Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to: 

TC518128AP-80, TC518128APL-80 
TC518128AP-10, TC518128APL-10 
TC518128AP-12, TC518128APL-12 
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[OUTLINE DRAWINGS! (DIP32-P-300) 



Unit in mm 








'^ 











40.0 


t( 


3.2 








d 
-H 


-mi 


,JL.2±0.l 




d 


\ 


rT*-vrT-r-w4>++vr- 




D 




innnrtJi 


"7 CO 


, 
















f V 


III 






^5 






0.5 ±0.1 


CO 

d 
-H 

CO 

CO 










' 








I 




mu 


1.2 ±0.1 


n 


>| 0.25 <9> 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to : 

TC518128ASP-80, TC518128ASPL-80 
TC518128ASP-10, TC518128ASPL-10 
TC518128ASP-12, TC518128ASPL-12 
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[OUTLINE DRAWINGS] (SOP32-P-450) 



Unit in mm 



32 



BogaBBBBgogggggg 



5> 



0.775TYP. 



im 



Tff 



mrnrn 

0.3 5± 0.1 



16 



0.7 75TYP. 



r4. 



^K 




0.8+0.2 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
These outline drawings are applied to: 



TC518128AF-80, TC518128AFL-80 
TC518128AF-10, TC518128AFL-10 
TC518128AF-12, TC518128AFL-12 
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DESCRIPTION 



The TC518129AP Family is a 1M bit high speed CMOS Pseudo Static RAM organized as 131,072 
words by 8 bits. The TC518129AP Family utilizing one transistor dynamic memory cell with 
CMOS peripheral circuit provides large capacity, high speed and low power features. The 
feature includes single power supply of 5V±10%. The RFSH input allows two types of re- 
fresh operation - auto refresh and self refresh. The TC518129AP Family also features 
static RAM like write function that the input data is written into the memory cell at the 
rising edge of R/W, thus being easy to interface with microprocessor. CS standby 
mode being adopted in the TC518129AP Family, CE2 pin in the TC518128AP Family is changed 
to CS pin. This is moulded in a 32 pin standard 0.6 inch and 0.3 inch width plastic DIP 
and small-out line plastic flat package. 



FEATURES 



Organization: 1M bit (131,072 word * 8 bit) 
Fast Access Time and Low Power Dissipation 



^ — -^__ 


TC518129AP Family 


-80 


-10 


-12 


tCEA CE Access Time 


80ns 


LOOns 


120ns 


c OEA OE Access Time 


35ns 


40ns 


50ns 


fc RC Cycle Time 


130ns 


160ns 


190ns 


Power Dissipation 


385mW 


330mW 


275mW 


Self Refresh Current 


lmA/200uA(-L) 



PIN CONNECTION 



Single Power Supply: 5V±10% 

Auto refresh is capable by internal 

counter. 
Self refresh is capable by internal 

timer. 
All inputs and outputs: TTL com- 
patible 
CS standby cycle is capable. 
512 refresh cycle/8ms 
Logic Compatible: SRAM R/W Pin 
32 Pin Standard Plastic PKG 



(TOP 



RFSHC 
Al6c 2 
A14c 3 
A 12 C 4 
A7C 5 
AG C B 
A5 C 7 
A I C 
A3 C 
A2c 
Al C 
At) C 
I/Ol C 
1X02 t 
1/03 C 
GNDC 



3 VdD 
3 A15 
3 CS 
3 l/W 
3 A13 
3 A8 
3 A9 
3 All 
3 01? 
3 Al 

3 m 

3 L/08 
3 1/07 
3 1/0(5 
) i/O 5 



TC518129AP/APL 

ASP/ASPL 
AF/AFL 



600 mil DIP 
300 mil DIP 
450 mil SOP 



BLOCK DIAGRAM! 



? ? 



17 3 1/04 



PIN NAMESl 


AO 'v A16 


Address Inputs 


R/W 


Read/Write Control 
Input 


OE 


Output Enable Input 


RFSH 


Refresh Input 


CE 


Chip Enable Input 


CS 


Chip Select Input 


1/01^1/08 


Data Inputs/Outputs 


VDD 


Power 


GND 


Ground 



A8-0 & 



COLUMN 
A DDK ESS 
IIUI'I* Kit (8) 



HOW ADDRESS 
BUITER fci) t: 



l) COLUMN 
£ DECODER 



SENSE AMP. 
I/O (iATE 



REFRESH 
COUNT Ell 



CE O- 
CS i 



CLOCK 
OENKKATOR 



RFSH O- 

OE O- 
Il/VV O- 



512 



J j~ 2 56x8 -J J 



MEMORY 
AH HAY 



5l2x256x 8 



H -» 
?« 






14) 



It 



n 



HE FRESH 
CONTROLLER 



REFRESH 
TIMER 









s 
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(FUNCTION LOGIC | 














CE 


CS at CE goint Low 


OE 


R/W 


RFSH 


AO^A16 


I/Ol* 8 


CONDITION 


L 


H 


L 


H 


ft 


V* 


OUT 


Read 


L 


H 


* 


L 


ft 


V* 


IN 


Write 


L 


H 


H 


H 


* 


V* 


HZ 


CE only Refresh 


L 


H 


* 


s'c 


* 


* 


HZ 


CS Standby 


H 


* 


* 


ft 


L 


* 


HZ 


Auto/Self Refresh 


H 


* 


ft 


ft 


H 


* 


HZ 


Stand-by 



H — High Level Input (V XN =6.5V^ V IH min.) 

L — Low Level Input (Vjn-Vjl max. ^ -1.0V) 

* — Don't care (6.5V % -1.0V) 

V* — At CE falling edge, all address inputs are "IN", and at the other condition, the 
address input are "*". 

HZ — High Impedance 



| ABSOLUTE MAXIMUM RATINGS] 








SYMBOL 


ITEM 


RATING 


UNITS 


NOTE 


VlN 


Input Voltage 


-1.0W.0 


V 


1 


V OUT 


Output Voltage 


-1.0'W.O 


V 


Vdd 


Power Supply Voltage 


-1. 0^7.0 


V 


T OPR 


Operating Temperature 


0^70 


°C 


T STG 


Storage Temperature 


-55^150 


°C 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


?D 


Power Dissipation 


600 


mW 


x OUT 


Short Circuit Output Current 


50 


mA 



DC RECOMMENDED OPERATING CONDITIONS! YTa-Oi 


'70°C) 




SYMBOL 


ITEM 


MIN. 


TYP. 


MAX. 


UNIT 


NOTE 


vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


2 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 



- E-36 - 



TC51 81 29AP/ASP/AF/APL/ASPI/AFL-80, TC51 81 29AP/ASP/AF/APL/ASPL/AFH 2 
TC51 81 29AP/ASP/AF/APL/ASPL/AFL-1 



[DC ELECTRICAL CHARACTERISTICS! (V nn =5V±10%, Ta=0-WO°C) 



DD 



SYMBOL 


PARAMETER 


PERIOD 


MIN. 


TYP. 


MAX. 


UNITS 


NOTES 


!DDO 


Operating Current 

(Average Power Supply Operating Current) 

CE Address cycling: t RC =t RC MIN. 


130ns 


- 


50 


70 


mA 


3,4 


160ns 


- 


40 


60 


190ns 


- 


35 


50 


Iddsi 


Standby Current 


TC518129AP/ASP/AF 


- 


- 


2 


mA 




CE=V IH , RFSH=V IH 


TC518129APL/ASPL/AFL 


- 


- 


1 


IDDS2 


Standby Current 

CE=V DD -0.2V 

RFSH-V DD -0.2V 


TC5I8129AP/ASP/AF 


- 


- 


1 


mA 




TC518129APL/ASPL/AFL 


- 


100 


200 


pA 


IDDF1 


Self Refresh Current 


TC518129AP/ASP/AF 


- 


- 


2 


mA 




CE=V IH> RFSH-V IL 


TC5I8129APL/ASPL/AFL 


- 


- 


1 


X DDF2 


Self Refresh Current 


TC518129AP/ASP/AF 


- 


- 


1 


mA 




CE=V DD -0.2V, RFSH=0.2V 


TC5L8129APL/ASPL/AFL 


- 


100 


200 


uA 


^(L) 


Input Leakage Current 

0V< V IN <V DD , All other inputs not under test=0V 


-10 ' 


- 


10 


pA 




^(L) 


Output Leakage Current 

Output Disable 

(CE-Vih or OE=Vih or R/W*Vil), OV ~ VoUT = Vdd 


-10 


- 


10 


pA 




Vqh 


Output High Level 
I 0H «-5mA 


2.4 


- 


- 


V 




Vol 


Output Low Level 
I OL =4.2mA 


- 


" 


0.4 


V 





CAPACITANCE ] (V dd -5V, f-lMHz, Ta=25°C) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


Cll 


Input Capacitance (A0^A16) 


- 


5 


pF 


C I2 




- 


7 


P F 


Input Capacitance (CE, CS, OE, R/W, RFSH) 


c IO 


Input/Output Capacitance 


- 


7 


pF 



NOTE) This parameter is periodically sampled and is not 100% tested. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



(V DD =5V±10%, Ta=OWO°C) (NOTES: 5, 6, 7, 8) 



SYMBOL 


PARAMETER 


-80 


-10 


-12 


UNITS 


NOTES 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Random Read, Write Cycle Time 


130 


- 


160 


- 


190 


- 


ns 




tRMW 


Read Modify Write Cycle Time 


195 


- 


235 


- 


280 


- 


ns 




tCE 


CE Pulse Width 


80 


10,000 


100 


10,00C 


120 


10,000 


ns 


13 


tp 


CE Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




tCEA 


CE Access Time 


- 


80 


- 


100 


- 


120 


ns 




tOEA 


0E Access Time 


- 


35 


- 


40 


- 


50 


ns 




t CLZ 


CE to Output in Low-Z 


10 


- 


10 


- 


10 


- 


ns 




tQLZ 


OE to Output in Low Z 





- 





-. 





- 


ns 




t l^LZ 


Output Active from End of Write 





- 





- 





- 


ns 




tCHZ 


Chip Disable to Output in High-Z 





25 





30 





35 


ns 


9 


tOHZ 


OE Disable to Output in High-Z 





25 





30 





35 


ns 


9 


C WHZ 


Write Enable to Output in High-Z 





25 





30 





35 


ns 


9 


tODS 


OE Output Disable Set-Up Time 





- 





- 





- 


ns 




tODH 


OE Output Disable Hold Time 


10 


- 


10 


- 


10 


- 


ns 




tRCS 


Read Command Set-Up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time 





- 





- 





- 


ns 




tcss 


Chip Select Set-Up Time 





- 





- 





- 


ns 




tCSH 


Chip Select Hold Time 


20 


- 


25 


- 


30 


- 


ns 




t WP 


Write Pulse Width 


60 


- 


70 


- 


85 


- 


ns 




fc WCH 


Write Command Hold Time 


60 


10,000 


70 


10,00C 


85 


L0,000 


ns 




tCWL 


Write Command to CE" Lead Time 


60 


10,000 


70 


10,00C 


85 


10,000 


ns 




t DSW 


Data Set-Up Time from R/W 


30 


- 


35 


- 


45 


- 


ns 


10 


C DSC 


Data Set-Up Time from CE 


30 


- 


35 


- 


45 


- 


ns 


10 


tDiiw 


Data Hold Time from R/W 





- 





- 





- 


ns 


10 


tDHC 


Data Hold Time from CE 





- 





- 





- 


ns 


10 


tASC 


Address Set-Up Time 





- 





- 





- 


ns 


11 


t AHC 


Address Hold Time 


20 


- 


25 


- 


30 


- 


ns 


11 


C FC 


Auto Refresh Cycle Time 


130 


- 


160 


- 


190 


- 


ns 




tRFD 


RFSH Delay Time from CE 


40 


- 


50 


- 


60 


- 


ns 




tFAP 


RFSH Pulse Width (Auto Refresh) 


30 


8,000 


30 


8,000 


30 


8,000 


ns 


12 


t FP 


RFSH Precharge Time 


30 


- 


30 


- 


30 


- 


ns 


12 


tRHC 


RFSH Command Hold Time 


15 


- 


15 


- 


15 


- 


ns 




tFAS 


RFSH Pulse Width (Self Refresh) 


8,000 


- 


8,000 


- 


8,000 


- 


ns 


12 


tFRS 




160 


- 


190 


- 


225 


- 


ns 


12 


CE Delay Time from RFSH 
(Self Refresh) 


tREF 


Refresh Period (512 cycle, A0^A8) 


- 


8 


- 


8 


- 


8 


ms 




t T 


Transition Time (Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 
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NOTES: 

1) Stress greater than those listed under "Absolute Maximum Ratings" may cause perma- 
nent damage to the device. 

2) All voltages are referenced to GND. 

3) IpDO depends on cycle rate. 

4) *DDO depends on output loading. Specified values are obtained with the output open. 

5) An initial pause of lOOus with high CE is required after power-up, before proper 
device operation is achieved . 

6) AC measurements assume t^-5ns. 



INPUT 



7) Timing reference level 
Input Level 

Input Reference Level 

Output Reference Level 



* 6Y — V*2T 

0.6V — A=M 



V IH =2.6V 
V IL =0.6V 
V IU -2.AV 
V IL =0.8V 
V 01 ,= 2.2V 
V OL =0.8V 



)C 



J.2V 
).8V 



INPUT IIEKERENCE OUTPUT KEFEUENCE 
LEVEL LEVEL 



8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) t CHZ* t 0HZ» tWHZ define the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10) In write cycles, the input data is latched at the earlier of R/W or CE rising edge. 
Therefore the input data must be valid during set-up time (t D gw or tpg^) and hold 
time (t DHW or t DHC ) . 

11) All address inputs are latched at the falling edge of CE. Therefore the all address 
inputs must be valid during t^sc an d t AHC # 



12) Two refresh operation - auto refresh and self refresh are defined by the RFSH pulse 
width under the condition of CE=Vj^. 



Auto refresh: RFSH pulse width £ t FAP (max.) 



Self refresh: RFSH pulse widths tpAS (min.) 

The timing parameter (tp^g) must be kept for device proper operation in the fol- 
lowing conditions. 

• After self refresh 

• In case of "RFSH"= n L" after power-up 



- E-39 - 



TC51 81 29AP/ASP/AF/API/ASPL/AFL-80, TC5 1 8 1 29AP/ASP/AF/APL/ASPL/AFL-1 2 
TC51 81 29AP/ASP/AF/APL/ASPI/AFM 



[TIMING WAVEFORMS! 
READ CYCLE 



CE 



cs 



v III — 

VlL — 

vni — 
Vil— - 



'St 



l CSS 



7 



A0-A16 ] Ul ~Z 



Mtc 



l csn | 



l AIIC 



OE 



II /W 



I/O 1-1/08 



Vlll — " 
VlL— - 

vih— * 

VlL — • 

Von- 
Vol — " 



\ 



7 



H-'HS. 



HFSI1 



tsj: 



z 



*" 



tp 



l OHZ 



MICH I 



DATA -OUT 



1 11FD 



ZZX 



WRITE CYCLE -1 (OE Fix High) 



OE 



ll/VV 



I/O 1-1/08 



RFSII 




P^| : Don't care 
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WRITE CYCLE -2 (51 Clock) 



CE 



CS 



Vhi 



viii ——l >. 

V IL — _/ > a 



*CSS I 



Vu. — / 



A0-A1G 



ML 



MH 



l ASC 



OE 



R/W 



VlL 

VlH — ■ 
VlL — - 



l nc 



tCE 



t CSII 



tp 



y — \ 



k: 



t AIIC 



II 



777m A W , a . 'W///7/77/7////7/////7////////////////////////7/7/////////// 



viii - T 

VlL — *— 



t-wcn 



r 



\ U\T 



I/OI-I/OS 



OUT 



v OII 

Vol 

viii 
Vil 



l WIIZ 



tCWL 



01 1 Z 



ww///m 



l DSC 



'DIIC 



■^ DATA-IN ff 



l ciiz 



<2 



WlWM/lt7777T* 



///////////OIL 



1 fp h* 



s: 



Z_3 



WRITE CYCLE -3 (OE Fix Low) 



CE 



CS 



Mil 



\; 



^ 



:^©C 



:/' 



tp 



v 



R/W 



ML 



ML 



l RCS 



\ w//////////////////////////////////////m^ 



twen 



Z 



N .. ""• -1 



C IN '"' _ - 

I/01~I/O8 

I OUT V «" — - 

^ V 0L — 



^sn »«• Z A 1kt_J 



l CLZ 



tew I 



Uvnz 



^mm 



yff i /i 



\ DATA-IN J 



tusw 



JU 



tunw 



l WLZ 



tunc 



l CIIZ 



W////////////M 



l lUlC 



t FP H» 



2 



Y77\ * Don't care 
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READ MODIFY WRITE CYCLE 



Vrii 

CE IH 

V IL 



l CSS i 

in — -4 

IL ' 



tRMW 



\ 



l AS<; i 



^" ;;'«=^^<p=E 



*CK 



tesii 



v 




OE 



Il/W 






I I 



1 KCS 



Mil— y- 



'III 



L 



on 



1 IU IC 

l FKS 



hfsii v m 



Mil — /' 'v 

V IL — Z. X 



W//////////////, 



/ 



toKA 



N=tf 



lusw 



iwjw 



^ DATA-IN )• 



DATA-OUT 



1 Wl IZ 



tWLZ 



> 



•diic 



> 



^> 



CIIZ 



JX 



RFL 



oii unjui Kenyan 



CE 



Vlll 



\: 



VlL — - 



^ 



*ASC 



l CSII 



y 



tAJIC 



^ 



l ODS, 




1/01-1/0 8 



HFSII 



NOTE: ASKA16 Don't care, £23 : Don't care 
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RFSH AUTO REFRESH 



CE 



ViH — 



::=_y 



\ 



t ItPI> 



I/O 1-1/08 



Vlll 

von 



tKC 



l KAP l KP 



TO 



tFC 



tKI» 



&RHC 



\_ 



vol — 

NOTE: CS, 0% R/W, A0^A16=Don f t care £23 : Don,t care 

SELF REFRESH 



f !L 



./ 



\ 



RFSH 



III — 



'IL 



7 



l KUS 



/ \ 



1/01-I/O8 



VOI I — 



OPEN 



NOTE: CS, OE, R/W, AO % A16=Don ' t care fZ3 : Donlt care 
CS STANDBY MODE 



CE 



CS 



vin — - 

V 1L — 

vm — - 



\ 



l css 



IlFSIl 



1 KUS , 
V,L- / 



*CE 



r ., v 



t IUIC 



L 



K 



NOTE: OE, R/W, A0^A16=Don't care \///\ : Don't care 
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1 OUTLINE DRAWINGS! (DIP32-P-600) 



Unit in mm 



32 


17 




n r-i n r 










CI 






o 


) 




-H 
© 




JUUUUUUUUUUUU 





1.96TYP. 



NH°-25(fo)l 





Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm, 

These outline drqwings are applied to: TC518129AP-80, TC518129APL-80 

TC518129AP-10, TC518129APL=10 
TC518129AP-12, TC518129APL-12 
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OUTLINE DRAWINGS! (DIP32-P-300) 



Unit in mm 



32 



ir-inr-ir-immmr-ir-ir-ir-if-ir-ii 





1.2±0.1 



Note; Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to: TC518129ASP-80, TC518129ASPL-80 

TC518129ASP-10, TC518129ASPL-10 
TC518129ASP-12, TC518129ASPL-12 
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lOUTLINE DRAWINGSl (SOP32-P-450) 



32 



gggggBBBBBBBBBBB" 




I 127 I |^[0.12(^)| 

2 0.6±0.2 



uuuuuiiuuuumnm 



M^: 



o\ o.i 



Unit in mm 



^i 




0,8±a2 



Note: Package width and langth do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 

These outline drawings are applied to: TC518129AF-80, TC518129AFL-80 

TC518129AF-10, TC518129AFL-10 
TC518129AF-12, TC518129AFL-12 
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TOSHIBA MOS MEMORY PRODUCTS 



TMM2018AP-25, TMM2018AP-35, TMM2018AP-45 



[DESCRIPTION] 

The TMM2018AP is a 16,384 bits high speed and low power static random access memory 

organized as 2,048 words by 8 bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 

features with a maximum access time of 25ns/35ns/45ns and maximum operating current 

of 150mA/135mA/135mA. When (!§" goes high, the device is deselected and placed in a 

low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AP is most suitable for use in cache memory and high speed storage. 

The TMM2018AF is offered in a 24 pin standard plastic package with 0.3 inch width for 

high density assembly. 

The TMM2018AP is fabricated with ion implanted N channel silicon gate MOS technology 

for high performance and high reliability. 

iFEATURESl *. -, c „ 

• Single 5V power supply 

• Fast access time • Fully static operation 

t ACC s=25ns: TMM2018AP-25 • All inputs and outputs: Directly TTL compatible 

tACC-35ns: TMM2018AP-35 • Power down feature: CS=Vi H 

t ACC sr 45ns: TMM2018AP-45 • Output buffer control: QE 

• Low power dissipation • Three state outputs 

I C C=150mA: TMM2018AP-25 • Inputs protected: All inputs protection against 

I cc =135mA: TMM2018AP-35 static charge. 

ICC=135mA: TMM2018AP-45 • Package: 24 pin standard plastic package, 0.3 inch 
ISB=20mA width. 



PIN CONNECTION 



[BLOCK DIAGRAM) 



A7C 

A6C 
A5C 
A4C 
A3C 
A2C 
A1C 
AOC 

i/oi C 
1/02 C 

1/03 C 
GNDC 



IJVcc 

DA8 
DA9 
13 WE 
DOE 
DA10 

DcU 

D3/08 
Dl/0 7 
DI/0 6 
D J/0 5 
31/04 



PIN NAMESl 


AO %A10 


Address Inputs 


1/01 ^1/08 


Data Input/Output 


CS 


Chip Select Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


v C c 


Power (+5V) 


GND 


Ground 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Power Supply Voltage 


-3.5^7.0 


V 


VlN 


Input Voltage 


-3.5% 7.0 


V 


Vl/O 


Input/Output Voltage 


-3.5^7.0 


V 


^opr 


Operating Temperature 


0^70 


°C 


T stg 


Storage Temperature 


-55 %150 


°C 


"^solder 


Soldering Temperature • Time 


260 • 10 


°Osec 


P D 


Power Dissipation 


0.9 


W 


J OUT 


D.C. Output Current 


20 


mA 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-3.0* 


- 


0.8 


v C c 


Power Supply Voltage 


A. 5 


5.0 


5.5 



* Pulse Width: 10ns, DC: -0.5V (MIN.) 



D.C. CHARACTERISTICS (Ta=0-W0 & C, V CC =. 


5V±10%) 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


*IL 


Input Current 


V IN =0%V CC 


- 


±1.0 


PA 


VOH 


Output High Voltage 


I OH~ ~4 .0mA 


2.4 


- 


V 


v ol 


Output Low Voltage 


I OL »8.0mA 


_ 


0.4 


V 


Ilo 


Output Leakage Current 


Vqut-O'vVcc, cs=v ih 


- 


±1.0 


PA 


I CC 


Operating Current 


CT=V IL 


-25 


- 


150 


mA 


-35 


- 


135 


-A 5 


- 


135 


JSB 


Standby Current 


C5-vm 




- 


20 


mA 


X SBP 


Peak Power-on Current 


c3"=v C c> Vcc-o^s.sv 


- 


40 



CAPACITANCE* (Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


CONDITIONS 


MAX. 


UNIT 


C IN 


Input Capacitance 


Vi N =0V 


5 


pF 


c OUT 


Output Capacitance 


v OUT «ov 


10 



* Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=0 'v 70°C, V CC -5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TMM2018AP-25 


TMM2018AP-35 


TMM2018AP-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


tACC 


Address Access Time 


- 


25 


- 


35 


- 


45 


fc CO 


Chip Select Access Time 


- 


25 


- 


35 


- 


45 


t OE 


Output Enable to Output Valid 


- 


15 


- 


20 


- 


20 


tCLZ 


Chip Selection to Output in Low-Z 





- 





- 





- 


C CHZ 


Chip Deselection to Output in 
High-Z 


- 


15 


- 


20 


- 


20 


tOLZ 


Output Enable to Output in Low-Z 





- 





- 





- 


tOHZ 


Output Disable to Output in High-Z 


- 


12 


- 


15 


- 


15 


t OH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


t pu 


Chip Selection to Power Up Time 





- 





- 





- 


t PD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


30 


- 


30 



Write ( 


3ycle 
















SYMBOL 


PARAMETER 


TMM2018AP-25 


TMM2018AP-35 


TMM2018AP-45 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


25 


- 


35 


- 


45 


- 


ns 


C CW 


Chip Selection to End of Write 


20 


- 


30 


- 


40 


- 


tAS 


Address Set Up Time 





- 





- 





- 


C WP 


Write Pulse Width 


20 


- 


30 


- 


35 


- 


turn 


Write Recovery Time 





- 





- 





- 


c wlz 


WE to Output in Low-Z 





- 





- 





- 


l \mz 


WE to Output in High-Z 


- 


12 


- 


15 


- 


15 


C DS 


Data Set Up Time 


12 


- 


15 


- 


20 


- 


t DH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input- Rise and Fall Times 


5ns 


Input and Output Timing 
Reference Levels 


2.0V/0.8V 


Output Load 


See Fig.l 



I/O PIN O- 



30pP Zp <210Cl 



Fig.l OUTPUT LOAD 
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TIMING WAVEFORMS 

READ CYCLE 1. (WE-V IH> CS=V IL ) 



x 



C RC 



D OUT 



l OE 



X 



L OH 



OUTPUT DATA VALID 



READ CYCLE 2. (WE=V JH , OE«V JL ) 



D OUT 



SUPPLY Jcc 
„ mit ,„„ T SB 



y 



OUTPUT DATA VALID 



l CHZ 



> 



WRITE CYCLE 1. 



OE Z 



D OUT 
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WRITE CYCLE 2. 



















l wc 


























Add. 


C AS 


\ X 










fccw 








C WR 








H 








/ 






C3 


1 


K 


















.... ,. . . L WP 




¥e 


»iaa\ 




W^W/ 1 ^//?/ 












q~e 


V///////////. 


y// 




l mvz 














\ 


« 






t OYl'A 

















\ 




D OUT 


/ 






t-DS 




L DH | 






X 






D IN 




















DATA IN 


STABLE y 







Note: 1. In read cycle 2, all addresses are valid prior to or coincident 
with CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air 
flow exceeding 400 linear feet per minute. 



- F-7 - 



TMM2018AM5, TMM2018AF3S, TMM2018AF45 



OUTLINE DRAWINGS 



24 
JCL 



nnnnnnnn 



1 



Unit in mm 




it 



,.+o.i 

°-0,0 5 




0-15° 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal 
position with respect to No.l and No. 24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

[DESCRIPTION! 

The TC5588P/J is a 65,536 bits high speed static random access memory organized as 
8,192 words by 8 bits using CMOS technology, and operated from a single 5-vdlt supply. 
Toshiba's CMOS technology and advanced circuit form provides high speed feature. 
The TC5588P/J has low power feature with device control using Chip Enable (GEI/CE2) , 
and has Output Enable Input (OE) for fast memory access. Also the device power at 
memory access is reduced by automatic power down circuit form. The TC5588P/J is suit- 
able for use in cache memory where high speed is required, and high speed storage. 
All Inputs and Outputs are directly TTL compatible. 

The TC5588P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 



IFEATURESI 

• Fast access time: 

TC5588P/J-15 15ns (MAX.) 
TC5588P/J-20 20ns(MAX.) 
TC5588P/J-25 25ns (MAX.) 

• Low power dissipation: 

Operation TC5588P/J-15 120mA(MAX.) 
TC5588P/J-20 100mA(MAX.) 
TC5588P/J-25 100mA(MAX.) 



5V Single power supply: 5V±10Z 

Fully static operation 

Directly TTL compatible: All Input and 
Output 

Output buffer control: OE 

Package: 
28 Pin plastic 300 mil DIP: TC5588P 
28 Pin plastic 300 mil SOJ: TC5588J 



Standby 



lmA(MAX.) 



I PIN CONNECTION] 



(TC5588P) 



N.C.I 1 

A12I 2 

A 7 [ 3 

A6 I 4 

A5 I 5 

A4 ( 6 

A3 I 7 

A2 I 8 

Al ( 9 

A0 [ 10 

X/Ol I 11 

1/02 C 12 

1/03 I 13 

GNDl 14 



28 J 

27 J 

26 1 

25(1 

24 

23 

22 

21 

20 

19 

18 

17 J 

16) 

15) 



VDD 

WE 

CE2 

A8 

A9 

All 

ffE 

A10 

err 

1/08 
1/07 
1/06 
1/05 
1/04 



N.C.[ 

A12l 

A7I 

A6I 

A5I 

A4 I 

A3 I 7 

A2 18 

Al I 

AOt 

l/Ol I 

1/02 1 

1/03 I 

GNDt 



(TC5588J) 



16 



] VDD 

JW 

]CE2 

] A8 

]A9 

3 All 

J&l 
21 JA10 
20JCET 
19 3 1/08 
18 3 1/07 
17 3 1/06 

3 1/05 



15 3 1/04 
^7 



(DIP) 


(SOJ) 


PIN NAMES 


ACvA12 


Address Inputs 


1/01 ~ 1/08 


Data Input/Output 


Ca, CE2 


Chip Enable Input 


WE 


Write Enable Input 


Of 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 



LSB 



I/O 




1/08 O- 
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MAXIMUM RATINGS | 










SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3^7.0 


V 


vim 


Input Voltage 


-2.0^7.0 


V 


v OUT 


Output Voltage 


-0.5^0040.5 


V 


?D 


Power Dissipation 


1.0 


W 


^solder 


Soldering Temperature • Time 


260 • 10 


°C-sec 


T strg 


Storage Temperature 


-65^150 


°C 


T 
opr 


Operating Temperature 


0^70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0 -v, 70°C) 








SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+O-3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. CHARACTERISTICS (Ta-0^70°( 


:, V DD -5V±10%)| 












SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN -o * v DD 


- 


- 


±1 


pA 


I 0H 


Output High Current 


V 0H =2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


V 0L =0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CEl»V IH or CE2=V IL or WE-Vjl 
v 0UT=° ^ V DD 


- 


- 


±1 


yA 


I DD0 


Operating Current 


V DD = 5.5V, t C y C i e =Min cycle 
CEl=V IL and CE2=V IH 
Other Input= v IH/VlL 


-15 


_ 


— . 


120 


mA 


-20 
-25 


- 


- 


100 


^DSl 


Standby Current 


V DD =5.5V, t cyc i e =Min cycle 
CE1=V IH or CE2=V IL 
Other Input=Vin/ViL 


- 


- 


20 


mA 


T *1 
X DDS2 


CH=V DD -0.2V or CE2-0.2V 
Other Input=VoD~0.2V or 0.2V 


- 


- 


* 1 



*1: In standby mode with CE1^Vdd-0.2V, these specification limits are guaranteed 
under the condition of CEl£Voo-0.2V or CE2£0.2V. 



CAPACITANCE* 2 (Ta=25°C, f-l.OMHz) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


Vin=GND 


5 


pF 


c OUT 


Output Capacitance 


v 0UT =GND 


7 


pF 



*2: This parameter periodically sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta-0-70 C. VDD-5V±10X) 



READ CYCLE 



SYMBOL 


PARAMETER 


TC5588P/J-15 


TC5588P/J-20 


TC5588P/J-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Tine 


15 


- 


20 


- 


25 


- 


ns 


t ACC 


Address Access Time 


- 


15 


- 


20 


- 


25 


tCOl 


CE1 Access Time 


- 


15 


- 


20 


- 


25 


tC02 


CE2 Access Time 


- 


15 


- 


20 


- 


25 


tOE 


OE Access Time 


- 


9 


- 


10 


- 


12 


tOH 


Output Data Hold Time from Address Change 


5 


- 


5 


- 


5 


- 


tCOE 


Output Enable Time from CE1 or CE2 


5 


-, 


5 


- 


5 


- 


tCOD 


Output Disable Time from CE1 or CE2 


- 


10 


- 


10 


- 


10 


tOEE 


Output Enable Time from OE 





-; 





- 





- 


tODO 


Output Disable Time from OE 


- 


8 


- 


8 


- 


10 


tPU 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down Time 


- 


15 


- 


15 


- 


20 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC5588P/M5 


TC5588P/J-20 


TC5588P/J-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


15 


- 


20 


- 


25 


- 


ns 


tew 


Chip Enable to End of Write 


12 


- 


13 


- 


15 


- 


tAS 


Address Set Up Time 





- 





- 





- 


tWP 


Write Pulse Width 


12 


- 


13 


- 


15 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


9 


- 


10 


- 


12 


- 


tDH 


Data Hold Time 





- 





- 





- 


tOEW 


Output Enable Time from WE 





- 





- 





- 


tODW 


Output Disable Time from WE 


- 


8 


- 


8 


- 


10 



[Fig. II 



[AC TEST CONDITIONS! 



Input Pulse Levels 


3.0V/O.OV 


Input Pulse Rise and 
Fall Times 


3ns 


Timing Measurement 
Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



5V 
Q 



L^Dpin 
a— 



CL=30pF y 



4 8 on 



2550 



?480a 



VOpin 
o— 



CL=5pFy >255H 

77T 
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(For t C0 £» tOEE* t COD' 
t ODO> tOEW and tQDw) 



TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 



[TIMING WAVfcFORMSl 
READ CYCLE (1) 



ADDRESSES 



X 



l RC 



*ACC 



CE2 



£11 



OE 



BOUT 



WMMT 



W Sf 



Hi gh Impedance 



l C02 



l C01 



l OE 



: OEE(5) 



COE(5) 



t C0E(5) 



X 



tan 



f 



l COD(5) 



LWMMMLWM 



tcODC) 



/J— 



'ODOO 



OUTPirr DATA VALID 



UNKNOWN 



UNKNOWN 



WRITE CYCLE 1 (4) (WE Controlled Write) 



ADDRESSES 



X 



l wc 



tAS 



WE 




&c 



*wp 



CE2 



WMMMMW 



tQDWO 



£ 



^ \\\\\\\\\\\\\\\\\\\\\\\\\w 



DqUT 



nw 



(2) 



UNKNOWN 



l WR 



X 



MJJMfl 



High Impedance 



X 



■-DS 



tQEWO 



(3) 



'DH 



UNKNOWN 



DATA IN 
STABLE 



X 
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WRITE CYCLE 2 (4) (CEl Controlled Write) 



ADDRESSES 



WE 



X 



t wc 



Us 



■11 



CE2 



Cfl 



DqUT 



Din 



WMMMM' 



IMMMMMMl 



m. 



l C0E(5) 



miiiii 



l CW 



J 



UNKNOWN 



X 



l DS 



*WR 



Y 



High Impedance 



DATA IN 
STABLE 



HW 



X 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESS ES 



WE 



X 



l WC 



*AS 



Mi\l\l\I\ 



CE2 



CEl 



D OUT 



J IN 



IMMMMMMM 



«■ !»■ 



A. 



l cw 



■IWMMMMMSl 



t C0E<5) 



UNKNOWN t DS 



X 



l WR 



X 



High Impedance 



DATA IN 
STABLE 



*DH 



X 
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NOTE: 1. WE is High for Read Cycle. 

2. Assuming that CEl Low transition or CE2 High transition occurs coinci- 
dent with or after WE Low transition, Outputs remain in a high impedance 
state. 

3. Assuming that CEl High transition or CE2 Low transition occurs coinci- 
dent with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 

( A ) t COE» t OEE» t OEW Output Enable Time 

( fi ) tCOD* tODO. c ODW Output Disable Time 



CEl.OE 



WE.CE2 



/ 



(A) 



\ 



High Impedance /" o V \r \/ 

D UT — 3=EoJv X 0UTPUT DATA VALID X 



UNKNOWN 



(B) High Impedance 

).2V 
0.2 V 



UNKNOWN 



£o. 2 
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OUTLINE DRAWINGS 

• Plastic DIP (DIP28-P-300B) 



UNIT: mm 



28 



15 




14 



3 4.9±0.2 


z 

5 


-H 
urj 


pf 


fW 


IWj 


M- 


i 


0.9 4TYP. |2J4 


J 1.4 d 


bo.i 


0.5±0.1 










Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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[OUTLINE DRAWINGSI 
• Plastic SOJ 



UNIT: mm 



l 8.6 MAX 



28 15 

.nnnnnnnnnnnnnn 



x 



INDEX DOT 



£ 



nzrtznzr 

14 




Note: Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the true longitudinal position 
with respect to No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 



jDESCRIPTIONJ 

The TC5589P/J is a 73,728 bits high speed static random access memory organized as 

8,192 words by 9 bits using CMOS technology, and operated from a single 5-volt supply. 

Toshiba 1 s CMOS technology and advanced circuit form provides high speed feature. 

The TC5589P/J has low power feature with device control using Chip Enable (CE1/CE2), 

and has Output Enable Input (OE) for fast memory access. Also the device power at 

memory access is reduced by automatic power down circuit form. 

The TC5589P/J is suitable for use in cache memory where high speed is required, 

and high speed storage. 

All Inputs and Output are directly TTL compatible. 

The TC5589P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 

density surface assembly. 



| FEATURES 



Fast access time: 
TC5589P/J-15 15ns (MAX.) 
TC5589P/J-20 20ns (MAX.) 
TC5589P/J-25 25ns (MAX.) 

Low power dissipation: 
Operation TC5589P/J-15 120mA(MAX. ) 
TC5589P/J-20 100mA(MAX. ) 
TC5589P/J-25 100mA (MAX.) 



5V single power supply: 5V±10Z 

Fully static operation 

Directly TTL compatible: All Input and 
Output 

Output buffer control: OE 

Package: 
28 Pin plastic 300 mil DIP: TC5589P 
28 Pin plastic 300 mil SOJ: TC5589J 



Standby 



1mA (MAX.) 



PIN CONNECTION 



(TC5589P) 



A8J 
A7I2 
A6 13 
A5[ 
A4( 



A3 (6 
A2(7 
Al(8 
A0(J9 
I/O 
l/02[ 
1/031 
1/04 1 
GNDf 



28 1 VDD 
27 ]WE 
26JCE2 
25 1A9 
24 1A10 
23)AU 
22|QE 
21 ) A12 
20JCE1 

10 w 19 1 1/09 

11 18 | 1/08 

12 17 ) j/07 

13 16 | t/06 

14 15H/05 



O 



(DIP) 



PIN NAMES 



(TC5589J) 



A8ir 

A7[2 

A6[3 

A5[4 

A4[5 

A3£6 

A2£7 

Alf8 

A019 

1/01 [ 10 

1/02 [ 11 

I/03tl2 

I/t)4ll3 

GNDl 14 



281 VDD 

27JWE 

26JCE2 

25 1 A9 

24lAlO 

23 1 A 1 1 

22 'OE 

2lUl2 

201CET 

1911/09 

18)1/08 

17JI/07 

16 1 1/06 

15U/05 



(SOJ) 



AO ^ A12 


Address Inputs 


1/01 ^ 1/09 


Data Input/Output 


CEi, CE2 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 



MSB 



LSB 



1/01 O- 




l/t>9 O- 
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MAXIMUM RATINGSl 












SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3 *v, 7.0 


V 


VIN 


Input Voltage 


-2.0 ^ 7.0 


V 


VOUT 


Output Voltage 


-0.5 ^ VDD+0.5 


V 


PD 


Power Dissipation 


1.0 


V 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°Osec 


Tstrg 


Storage Temperature 


-65 ^ 150 


°C 


Topr 


Operating Temperature 


^ 70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta= 


CK70°C) 






SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VIH 


Input High Voltage 


2.2 


- 


VDD+0.3 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



D.C. CHARACTERISTICS! (Ta=0^70°C 


, VDD=5V±10%) 












SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IIL 


Input Leakage Current 


VIN=0 ^ VDD 


- 


_ 


±1 


PA 


I0H 


Output High Current 


VOH=2.4V 


-4 


- 


- 


mA 


I0L 


Output Low Current 


V0L=0.4V 


8 


- 


- 


mA 


ILO 


Output Leakage Current 


CEI=VIH or CE2=VIL or WE=VIL 
V0UT*0 ^ VDD 


- 


- 


±1 


PA 


IDD0 


Operating Current 


VDD=5.5V tcycle=Min cycle 
CE1=VIL and CE2=VIH 
Other Input=VIH/VIL 


-15 


- 


- 


120 


mA 


-20 
-25 


- 


- 


100 


IDDS1 


Standby Current 


VDD=5.5V tcycle=Min cycle 
CE1=VIH or CE2=VIL 
Other Input=VIH/VIL 


- 


- 


20 


mA 


*1 
IDDS2 


CEl=VDD-0.2V or CE2=0.2V 
Other Input=VDD-0.2V or 0.2V 


- 


- 


1 



*1: In standby mode with CE1^VDD-0.2V, these specification limits are 
guaranteed under the condition of CE2*VDD-0.2V or CE2S0.2V. 



ICAPACITANCEf 2 (Ta=25°C, f=1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


Cin 


Input Capacitance 


VIN=GND 


5 


pF 


Cout 


Output Capacitance 


V0UT=GND 


7 


PF 



*2: This parameter periodically samples is not 100% tested. 



F-18 - 



TC5MP/J.-15, TC5589P/J-20; TC5589P/J-25 



A.C. CHARACTERISTICS (Ta-O— 70 C. VDD-5V±10%) 



READ CYCLE 



SYMBOL 


PARAMETER 


TC5589P/J-15 


TC5589P/J-20 


TC5589P/J-25 


UNIT 


M1N. 


MAX. 


M1N. 


MAX. 


M1N. 


MAX. 


tRC 


Read Cycle Time 


15 


- 


20 


- 


25 


- 


ns 


tACC 


Address Access Time 


- 


15 


- 


20 


- 


25 


tCOl 


CE1 Access Time 


- 


15 


- 


20 


- 


25 


tC02 


CE2 Access Time 


- 


15 


- 


20 


- 


25 


tOE 


OE Access Time 


- 


9 


- 


10 


- 


12 


tOH 


Output Data Hold Time from Address Change 


5 


- 


5 


- 


5 


- 


tCOE 


Output Enable Time from CEi or CE2 


5 


- 


5 


- 


5 


- 


tCOD 


Output Disable Time from CEI or CE2 


- 


10 


- 


10 


- 


10 


tOEE 


Output Enable Time from OE 





- 





- 





- 


tODO 


Output Disable Time from OE 


- 


8 


- 


8 


- 


10 


tPU 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down Time 


- 


15 


- 


15 


- 


20 



WRITE CYCLE 



SYMBOL 


PARAMETER 


TC5589P/J-15 


TC5589P/J-20 


TC5589P/J-25 


UNIT 


M1N. 


MAX. 


M1N. 


MAX. 


M1N. 


MAX. 


t wc 


Write Cycle Time 


15 


- 


20 


- 


25 


- 


ns 


tCV 


Chip Enable to End of Write 


12 


- 


13 


- 


15 


- 


tAS 


Address Set Up Time 





- 





- 





- 


tWP 


Write Pulse Width 


12 


- 


13 


- 


15 


- 


t WR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


9 


- 


10 


- 


12 


- 


tDH 


Data Hold Time 





- 





- 





- 


t OEW 


Output Enable Time from WE 





- 





- 





- 


tODW 


Output Disable Time from WE 


- 


8 


- 


8 


- 


10 



[AC TEST CONDITIONS! 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and 
Fall Times 


3ns 


Timing Measurement 
Reference Levels 


2 ,07/0-87 


Output Load 


Fig. 1 



[Fig. 1| 



I/O pin 
O— 



CL=30pF 



U80H 



1 f255Q 



►4 8011 



I/Opin 
O — 



CL=5pFj 

77T 



:255G 
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(For t C0E , t 0EE , t C0D , 
tQDO* tQEW and tODW) 



TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 



TIMING WAVEFORMS 


READ CYCLE (1) 




tRC 






■ X 






ADDRESS El 


:x' 




tACC 




*OH 






* 


r* 






CE2 


W/l 


l C02 




\\\\\\\\\\\\\\\\\\\\ 




:*_ t C01 


^coim 








/ 








CE1 


\\\W 


*. 


W////////V///////, 






. 1 * toE 


■ /> 


*CQD6) 














OE* 


WW: 


3 


:>. 


'///////////////////, 








l OEE(5) 




l COD(5) 








1 COE<5) 


wp. 






m 






? OUTPUT DATA VALID 


\ 


D OUT 




l COE(5) 


y 








WRITE CYCLE 1 (4) (WE ( 


:ont 


rolled Wr 


UNKNOWN 

ite) 

l wc 


UNKNOWN 




)i 






ADDRESSES 


:: x 




*AS 


t WR r 






r »| *wp 






WE 


\ 


\\\\\\\\V 


J 


m 










CE2 


'///////////// 




x\\\\\\\\\\\\\\\\\\\ 






\ 




ceT 


\\\\\\\\\\\\\ x 


V////////////////A 






^ODWt5) 


l OEW(5) 




wm^mm 




/$66&WV^006W 


DquT 


fc DS 


^!&000^?00&WO& 




UNKNOWN 


l DH 


UNKNOWN 








&IN 










/ 


\J" DATA IN 
\_ STABLE 


"^d 
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WRITE CYCLE 2 (4) (CE1 Controlled Write) 



ADDRESSES 



WE 



zx 



*wc 



Us 



^^Mm 



CE2 



CE1 



DOUT 



'IN 



7, 



wnnmnnr 



MUMMMK 



m: 



tCQEO. 



m\\\\\\\\\\w 



l cw 



UNKNOWN t DS 



/ 



t WR 



A 



High Impedance 



DATA IN Z \f 
STABLE m (\ 



l ffl 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



WE 



CE2 



CE1 



DOUT 



'IN 



X 



twc 



*AS 



^^^m I/////////////////, 



mr 



^m m: 



t C0E(5J 



\ 



t CW r 



l DS 



t WR 



X 



■ f////////////////, 



L 



High Impedance 



\?~ DATA IN = l/ 
/\ m wm STABLE , /\ 



tDH 
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Note: 1. WE is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident 
with or after WE Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEL High transition or CE2 Low transition occurs coincident 
with or prior to WE High transition, Outputs remain in a high impedance 
state. 

4. Assuming tha OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) t C0E , t 0EE , t £W Output Enable Time 

(B) t C0D , t DO> tQDW Output Disable Time 



CEl.OE 



WE,CE2 



DqUT 



v 



./ 



(A) 



High Impedance 



_,*- 



.0.2 V 
0.2 V 



UNKNOWN 



Sh- 



I 



\ 



OUTPUT DATA VALID 
-ii 




UNKNOWN 
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TC5539P/J-15, TG558SP/J-20. TC5589P/J-25 



OUTLINE DRAWINGS 



• Plastic DIP (DIP28-P-300B) 



UNIT: mm 



28 

nnnnnnnnnnnn 



uuu uuu u uuu 



3 4.9±0.2 




0.9 4TYP. (214] 1-4 ±0.1 




0.5 ±0.1 




Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TC5589PAM5, TG5589P/J-20, TC5589P/J-25 



OUTLINE DRAWINGS 



• Plastic SOJ 



UNIT: ram 



1 8.6 4 MAX. 



28 



£ 



INDEX DOT 



15 



X ? 



14 




0.71 ±0.1 



Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 



DESCRIPTION 



The TC5561P/J is a 65,536 bit high speed static random access memory organized as 
65,536 words by 1 bit using CMOS technology, and operated from a single 5-volt supply. 
Toshiba f s high performance device technology provides both high speed and low power 
features with a maximum access time of 45ns/55ns/70ns and maximum operating current of 
100mA at minimum cycle time. The TC5561P/J also features an automatic stand-by mode. 
When deselected by Chip Enable (CE) , the operating current is reduced from 100mA to 2mA. 
The TC5561P/J is suitable for use in main memory of high speed computer and pattern 
memory, where high speed/low power/high density are required. The TC5561P is moulded 
in a 22 pin plastic DIP with 300 mil width for high density assembly and the TC5561J is 
moulded in a 24 pin plastic SOJ with 300 mil width for high density surface assembly. 
The TC5561P/J is fabricated with ion implanted CMOS silicon gate MOS technology for 
high performance and high reliability. 



FEATURES 



Fast access time: TC5561P/J-45 45ns(MAX.) 
TC5561P/J-55 55ns (MAX. ) 
TC5561P/J-70 70ns (MAX.) 

Low power dissipation: Operation 100mA (MAX. 

Standby 2mA (MAX. 



PIN CONNECTION 



TC5561P 
(TOP VIEW) 



TC5561J 
(TOP VIEW) 



ao [ 

Al[ 
A2 C 

A3 C 
A4 C 
A5 I 
A6 [ 
A7 [ 
DOUTC 
"WE[ 
GND[ 



3V DD 

] A15 
] A14 
3 A13 
3 A12 
3A11 
]A10 



15] A9 
14 3 A8 
13 3 DI N 
123CE 



(DIP) 



AOC 

Alt 

A2 [ 

A3 C 

A4 C 

A5 [ 

N.C.C 

A6 C 

A7 C 

DOUTC 

WE[ 

QNDC 



PIN NAMES 




A0 ^A15 


Address Inputs 


DIN 


Data Input 


D OUT 


Data Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



5V single power supply 

Fully static operation 

Directly TTL compatible: 
All Input and Output 

I/O separate 

Package: 22 Pin plastic 300 mil DIP 
: TC5561P 

24 Pin plastic 300 mil SOJ 
: TC5561J 




— [>~od out 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 



I MAX I MUM RATINGSl 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3 'W.O 


V 


VlN 


Input Voltage 


-2.0^7.0 


V 


v OUT 


Output Voltage 


-0.5 ^V D d+0.5 


V 


P D 


Power Dissipation 


650 


mW 


^solder 


Soldering Temperature 


260 . 10 


°C . sec 


T stg 


Storage Temperature 


-65 ^150 


°C 


T opr 


Operating Temperature 


^70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


Vm 


Input High Voltage 


2.2 


- 


V DD +0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V D H 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



| D.C. and OPERATING CHARACTERISTICS 


(Ta=0^70°C, V DD =5V±10%) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


X IN 


Input Leakage Current 


V IN =0%V DD 


- 


- 


±1.0 


pA 


x OH 


Output High Current 


V H=2.4V 


-8 


- 


- 


mA 


IOL 


Output Low Current 


V OL =0.4V 


8 


- 


- 


mA 


IL0 


Output Leakage Current 


CE=V IH or WE=V IL 

v OUT =o ^V DD 


- 


- 


±1.0 


MA 


Iddo 


Operating Current 


V DD =5.5V, t cyc T e =Min cycle 

CE=V 1L 

Other Input=VjH/ v IL 


- 


- 


100 


mA 


!dDS1 


Standby Current 


CE=V IH 


- 


- 


2 


mA 


X DDS2 


CE=V DD -0.2V 


- 


- 


100 


uA 



CAPACITANCEl (Ta=25°C) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


10 


pF 


c 0UT 


Output Capacitance 


v 0UT =G ND 


10 


P F 



Note: This parameter periodically sampled is not 100% tested. 
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TG5561P/J-4§, TC5561P/J-55, TC5I61P/3-70 



A.C. CHARACTERISTICS] (Ta-0^70°C, V DD =5V±10%) 
Read cycle 



SYMBOL 


PARAMETER 


TC5561P-45 
TC5561J-45 


TC5561P-55 
TC5561J-55 


TC5561P-70 
TC5561J-70 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C RC 


Read Cycle Time 


45 


- 


55 


- 


70 


- 


ns 


^CC 


Address Access Time 


- 


45 


- 


55 


- 


70 


ns 


c CO 


Chip Enable Access Time 


- 


45 


- 


55 


- 


70 


ns 


C COE 


Chip Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


c COD 


Chip Enable to Output in High-Z 


- 


15 


- 


15 


- 


15 


ns 


c OH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


ns 


Write 


cycle 










SYMBOL 


PARAMETER 


TC5561P-45 
TC5561J-45 


TC5561P-55 
TC5561J-55 


TC5561P-70 
TC5561J-70 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


45 


- 


55 


- 


70 


- 


ns 


t WP 


Write Pulse Width 


30 


- 


35 


- 


35 


- 


ns 


t CW 


Chip Enable to End of Write 


30 


- 


35 


- 


35 


- 


ns 


^W 


Address Set up Time 





- 





- 





- 


ns 


c wr 


Write Recovery Time 





- 





- 





- 


ns 


l ODW 


WE to Output High-Z 


- 


15 


- 


15 


- 


15 


ns 


C OEW 


WE to Output Low-Z 





- 





- 





- 


ns 


C DS 


Data Set up Time 


25 


- 


25 


- 


30 


- 


ns 


C DH 


Data Hold Time 





- 





- 





- 


ns 



A.C. TEST CONDITIONS! 


Input Pulse Levels 


0.6V, 2.4V 


Input "Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


1.5V 


Output Load 


See Fig. 1 




Fig.l Output Load 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 



TIMING WAVEFORMS 



READ CYCLE 



zx 



*RC 



t AGC 



C~E 



D OUT 



sssm - 



r co 



x 



{/////////////////a 



r COD 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 

%G 



t AW 



l^M 



x\\\\\\\\\\\\\\p 

t ODW . 



z c\v 



D OUT 



(2) 



*WR 






W//////////////A 



(3) 



\/ DATA IN \/ 

A STABLE A 



WRITE CYCLE 2 (CE Controlled Write) 

t wo 

Address 



X 



X 



Z AW 



^? 



^ 



: COE 



D OUT 



J IN 



t wp 



t CW 



*ODW 



r DS 



'////////////////////, 



t DH, 



DATA IN \/ 
STABLE A 



Note: 1. R/W is High for_Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after ~WE 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
WE High transition, Outputs remain in a high impedance state. 

4. The operating temperature (Ta) is guaranteed with transverse air 
flow exceeding 400 linear feet per minute. 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 



DATA RETENTION CHARACTERISTICS (Ta=0 -WO°C) 



SYMBOL 


PARAMETER 


MIN . 


TYP. 


MAX. 


UNIT 


V DH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


X DDS2 


Standby Supply Current 


V DD =3.0V 


- 


- 


50 


yA 


V DD =5.5V 


- 


- 


100 


tCDR 


Chip Deselection to Data Retention Mode 





- 


- 


ns 


tR 


Recovery Time 


TC5561P-45 


45 


- 


- 


ns 


TC5561P-55 


55 


- 


- 


TC5561P-70 


70 


- 


- 




Data Retention Mode 




V DD -0.2V 



GND 



Note:" 5. If the V-j-^ of CE is 2.2V in operation, Ijjdsi current flows during 
the period that the Vqq voltage is going down from 4.5V to 2.4V. 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 



OUTLINE DRAWINGS 



Plastic DIP 



Unit in mm 



22 21 20 19 18 17 16 15 14 13 12 

n \ — i i — i i — i i — i rr\ i — i i — i i — i i — i n 



^ XRl.O 



4- 



UL_Ji II_JI_JL4JL_JI 1L_J L-JTTT 

123 456 7 8 910 11 



2 7.3 MAX. 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal 
position with respect to No . 1 and No. 22 leads. 
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TC5561P/J-45, TC556TP/J-55, TC5561P/J-70 



OUTLINE DRAWINGS 



Plastic SOJ 



Unit in ram 



24 23 22 21 20 19 

n n n n n n 



18 17 16 15 14 13 

n nn nn n 



INDEX DOT 



L£ 



u u uuu 

12 3 4 5 6 



u u u u u u 

7 8 9 10 11 12 




wwv 



\)\)\ U i (\/\ \ \( Wt\ U < 



(Note) 
1.27TYP. 



0.3 6 — 04 8 



Note: Each lead pitch is 1- 27mm. 

All leads are located within 0.12mm of the true longitudinal 
position with respect to No.l and No. 24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 



[description! 

The TC5562P/J is a 65,536 bit high speed static random access memory organized 
as 65,536 words by 1 bit using CMOS technology, and operated from a single 5-volt 
supply. Toshiba ! s high performance device technology provides both high speed and 
low power features with a maximum access time of 35ns/45ns/55ns and maximum operating 
current of 100mA at minimum cycle time. The TC5562P/J also features and automatic 
standby mode. When deselected by chip Enable (CE) , the operating current is reduced 
from 100mA to 20mA. The TC5562P/J is suitable for use in main memory of high speed 
computer and pattern memory, where high speed/high density are required. The TC5562P 
is moulded in a 22 pin plastic DIP with 300 mil width for high density surface as- 
sembly and the TC5562J is moulded in a 24 pin plastic SOJ with 300 mil width for high 
density surface assembly. The TC5562P/J is fabricated with ion implanted CMOS silicon 
gate MOS technology for high performance and high reliability. 



FEATURES 



Fast access time: TC5562P/J-35 35ns 
TC5562P/J-45 45ns 
TC5562P/J-55 55ns 



Low r'O'ver dissipation; 

Operation 100mA 
Standby 20mA 



(MAX.) 
(MAX.) 
(MAX.) 

(MAX.) 
(MAX.) 



PIN CONNECTION I 



TC5562P 
(TOP VIEW) 



TC5562J 
(TOP VIEW 




• 5V single power supply 

• Fully static operation 

• Directly TTL compatible: All Input 

and Output 

• I/O separate 

• Package: 22 Pin Plastic 300 mil DIP 

: TC5562P 

24 Pin Plastic 300 mil ?CJ 
: TC5562J 



BLOCK DIAGRAM 



(DIP) 



(SOJ) 



Ipin names! 


A0 ^ A15 


Address Inputs 


din 


Data Input 


D 0UT 


Data Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


vdd 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 




%JT 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 



MAXIMUM RATINGS 








SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3^7.0 


V 


VlN 


Input Voltage 


-2.0%7.0 


V 


Vl/O 


Input and Output Voltage 


-0.5 ^VDD+0.5 


V 


?D 


Power Dissipation 


650 


mW 


Tsolder 


Soldering Temperature 


260 • 10 


°C • sec 


Tstg 


Storage Temperature 


-65^150 


°C 


T opr 


Operating Temperature 


%70 


°C 



|D.C. RECOMMENDED OPERATING CONDITIONS) 














SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


VdD+0.3 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


VDH 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



|D.C. and OPERATING CHARACTERISTICS! (Ta=0^70°C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN =o^v DD 


- 


- 


±1.0 


PA 


lOH 


Output High Current 


V OH =2.4V 


-8 


- 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
VOUT=0 %Vdd 


- 


- 


±1.0 


pA 


x DD0 


Operating Current 


V DD =5.5V, t cycle =Min cycle, 

CE-V IL 

Other Input=VjH/ViL 


- 


- 


100 


mA 


X DDS1 


Standby Current 


V DD =5.5V, t cycle =Min cycle 

CE=V IH 

Other Input=ViH/ViL 


- 


- 


20 


mA 


X DDS2 


CE=V DD -0.2V 

Other Input V DD -0.2V or 0.2V 


- 


- 


2 



|CAPACITANCE| (Ta=25°C) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN . 


Input Capacitance 


V IN=GND 


10 


pF 


C 0UT 


Output Capacitance 


V0UT=GND 


10 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 



|A.C. CHARACTERISTICS! (Ta=0^70°C, V DD =5V±10%) 



READ CYCLE 



SYMBOL 


PARAMETER 


TC5562P-35 
TC5562J-35 


TC5562P-45 
TC5562J-45 


TC5562P-55 
TC5562J-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


C ACC 


Address Access Time 


- 


35 


- 


45 


- 


55 


ns 


c CO 


Chip Enable Access Time 


- 


35 


- 


45 


- 


55 


ns 


fc COE 


Chip Enable to Output in Low-Z 


5 


- 


5 


- 


5 


- 


ns 


c COD 


Chip Enable to Output in High-Z 


- 


15 


- 


15 


- 


15 


ns 


c OH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


ns 


WRITE CYCLE 


SYMBOL 


PARAEMTER 


TC5562P-35 
TC5562J-35 


TC5562P-45 
TC5562J-45 . 


TC5562P-55 
TC5562J-55 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


35 


- 


45 


- 


55 


- 


ns 


tWP 


Write Pulse Width 


25 


- 


30 


- 


35 


- 


ns 


tew 


Chip Enable to End of Write 


25 


- 


30 


- 


35 


- 


ns 


C AW 


Address Set up Time 





- 





- 





~ 


ns 


C WR 


Write Recovery Time 





- 





- 





- 


ns 


c ODW 


WE to Output Low-Z 


- 


15 


- 


15 


- 


15 


ns 


t OEW 


WE to Output High-Z 





- 










- 


ns 


t DS 


Data Set up Time 


20 


- 


25 


- 


25 


- 


ns 


t DH 


Data Hold Time 





- 





- 


- 


- 


ns 



A.C. TEST CONDITIONS) 






Input Pulse Levels 


0.6V, 2.4V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


1.5V 


Output Load 


See Fig. 1 




30pF±: ^255H 



Fig.l Output Load 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 



[TIMING WAVEFORMSl 
READ CYCLE 



Address 



zx 



tRC 



M^m 



too 



b COE, 



7V 



{///////////////////? 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 



two 



>c 



.^AW 



WE 



M» - 



C QDW. 



(2) 



VI )S 



)C 



m, 



XDATA IN \/ 
STABLE / K 



(3) 



WRITE CYCLE 2 (CE Controlled Write) 



WE 



D OUT 



)C 



t WC 



^COE, 



C WP 



V/////////////////M 



r cw 



J< 



r DS 



)C 



DATA IN \/ 
STABLE / K 



r DH 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
WE High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-51 



1 OUTLINE DRAWINGSl 



Plastic DIP 



Unit in mm 



22 21 20 19 18 17 16 15 14 13 12 
n i — i i — \ i — i f — i rf-i i — i i — i r— > i — in 



fc 



R1.0 



U L-J 
1 2 



4r 



8 9 10 11 



2 7.3 MAX. 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the ture longitudinal 
position with respect to No . 1 and No. 22 leads. 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 



OUTLINE DRAWINGS 



Plastic SOJ 



Unit in mm 



24 23 22 21 20 19 18 17 16 15 14 13 

nnnnnnnnnnnn 



i& 



INDEX DOT 



u u u u u 

12 3 4 5 6 



U U LJ U U U 
7 8 9 10 11 12 



m 3 






m 



XI 



WM 



Note) 
1.2 7TYP. 



% 



Note: Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the true longitudinal 
position with respect to No.l and No. 24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55416F-20, TC55416P-25, TC55416P-35 



DESCRIPTION 



The TC55416P is a 65,536 bit high speed static random access memory organized as 

16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 

Toshiba's high performance device technology provides both high speed and low power 

features with a maximum access time of 20ns/25ns/35ns and maximum operating current of 

1 20mA/ 1 20mA/ iOOmA at minimum cycle 'time. 

The TC55416P also features an automatic stand-by mode. When deselected by Chip Enable 

(CE) , the operating current is reduced to 20mA. 

The TC55416P is suitable for use in cache memory and high speed storage, where high 

speed/high density are required. 

The TC55416P is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 

with 0.3 inch width for high density assembly. 

The TC55416P is fabricated with ion implanted CMOS silicon gate MOS technology for 

high performance and high reliability. 



[FEATURES 1 

• Fast access time: 

TC55416P -20 20ns (MAX.) 
TC55416P -25 25ns (MAX.) 
TC55416P -35 35ns (MAX.) 

• Low power dissipation: 

Operation TC55416P -20 

TC55416P -25 

TC55416P -35 

Standby 



120mA (MAX.) 

12 0mA (MAX.) 

100mA (MAX.) 

20mA (MAX.) 



PIN CONNECTION 



IC55416P 



as c 

A7 I 
A6 [ 
A5 [ 
A4 i 
A3 [ 
A2 [ 
Al[ 
AO C 
CE C 
GND[ 



22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 



3 V DD 
3A9 
3A10 
3 All 
3A12 
3 A13 

3 Vol 

11/02 
3 1/03 
]L/04 



(DIP) 



IPIN NAMES I 


A0 ^ A13 


Address Inputs 


I/01~ I/C4 


Data Input/Output 


CS 


Chip Enable Input 


WE 


Write Enable Input 


vdd 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



5V single power supply 

-20 : 5V±5% 

-25, -35: 5V±10% 
Fully static operation 
Directly TTL compatible: 

All Input and Output 
Package: 

22 pin plastic 300mil DIP (TC55416P) 



BLOCK DIAGRAM 




-<{> CE 
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TC55416F-20, TC55416P-25, TC55416P-35 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V DD 


Power Supply Voltage 


-0.3-7.0 


V 


VIN 


Input Voltage 


-2.0-7.0 


V 


VOUT 


Output Voltage 


-0.5~V DD +0.5 


V 


PD 


Power Dissipation 


650 


mW 


Tsolder 


Soldering Temperature 


260-10 


°C-sec 


Tstg 


Storage Temperature 


-65-150 


°C 


Topr 


Operating Temperature 


0-70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


-20 


4.75 


5.0 


5.25 


V 


-25, -35 


4.5 


5.0 


5.5 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



D.C. and OPERATING CHARACTERISTICS (Ta=0-70°C, -20: V D d=5V: 


t5% 


-25, - 


-35: VDD=5V± 


10%) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*IL 


Input Leakage Current 


v IN =o-v DD 


- 


- 


±1.0 


/iA 


I OH 


Output High Current 


V OH -2.4V 


-4 


- 


- 


rriA 


lOL 


Output Low Current 


V O l=0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
V OUT =0 ~ V DD 


- 


- 


±1.0 


AiA 


I DDO 


Operating Current 


t cycle" Min Q y cle 

^E-Vil 

Other Input^Vj^/ViL 


VDD-5.25V 


-20 


- 


- 


120 


mA 


V DD =5.5V 


-25 


- 


- 


120 


-35 


- 


- 


100 


X DDS1 


Standby Current 


tcycle^ 111 c ^ cle 
CE-V IH 

Other Input-V IH /V IL 


V DD -5.25V 


-20 


- 


- 


20 


mA 


V D D=5.5V 


-25 


-35 


X DDS2 


CE=V DD -0.2V 

Other Input=VoD-0.2V or 0.2V 


- 


- 


1 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


7 


pF 


C OUT 


Output Capacitance 


V 0UT =GND 


9 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55416P-20, TC55416P-25, TC55416M5 



A.C. CHARACTERISTICS (Ta=0~70°C, -20: V DD =5V±5% -25, -35: V DD =5V±10%) 

Read Cycle 



SYMBOL 


PARAMETER 


TC55415? -20 


TC55415? -25 


TC55416P -35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


tACC 


Address Access Time 


- 


20 


- 


25 


- 


35 


tco 


Chip Enable Access Time 


- 


20 


- 


25 


- 


35 


tCOE 


Chip Enable to Output in Low-Z 





- 





- 





- 


c COD 


Chip Enable to Output in High-Z 


- 


10 


- 


15 


- 


15 


tOH 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC55416P -20 


TC55416P -25 


TC5541SP -35 


UNIT 


MIN . 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


twp 


Write Pulse Width 


16 


- 


20 


- 


30 


- 


tew 


Chip Enable to End of Write 


18 


- 


20 


- 


30 


- 


tAS 


Address Set Up Time 





- 





„ 





_ 


tWR 


Write Recovery Time 





- 





- 





- 


tODW 


WE to Output High-Z 


- 


8 


- 


10 


- 


15 


t OEW 


WE to Output Low-Z 





- 





- 





- 


t D S 


Data Set Up Time 


11 


- 


12 


- 


15 


- 


tDH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.0V, 3.0V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig.l 



I/O PIN O- 



Fig.l OUTPUT LOAD 

Note: In all condition, t^QD max is less than tcoE min both for a given device and 
from device to device. 
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TC55416P-20, TC55416P-25, TC55416P-35 



TIMING WAVEFORMS 
READ CYCLE^ 1 ) 



ADDRESS 



D OUT 



X 



tier 



^m^m^r^ 5 



5 OH . 




//////////////////////, 



WRITE CYCLE 1 (WE Controlled Write) 



OUTPUT DATA VALID 



t 7TQ 



X 



^wmt 



^cw 



V//////////////, 



I t AS , 



WE 



D OUT 



"XX^L 



12) 



HIGH IMPEDANCE 



^DS 



K 



/ 



r WR , | 



^OEW 



(3) 



"^Xt DATA IN STABLE ^><^ 



WRITE CYCLE 2 (CE Controlled Write) 



ADDRESS 



X 



^WC 



K 



t AS 



X 



WE 

D OUT 

din 



^^X^m 



X 



t coa 1 



t wp 



^ODW 



HIGH IMPEDANCE 



* 



ies_ 



W///////////A 



t DH 



DATA IN STABLE 



X 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE. 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that ~CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55416P40, TC55416P-25, TC55416P-35 



OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



22 

, n 



12 

n m n 



L-J L-J L_J I — I UU UUI I U 

1 11 




1 '-^ 



2 7.2±0.: 




WW 



1.4 ±0.1 



0.5 ±0.1 



|0.25<8) | 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55416P-20, TC55416P-25, TC554I6M5 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 



The TC55417P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba *s high performance device technology provides both high speed and low power 
features with a maximum access time of 20ns/25ns/35ns and maximum operating current of 
120mA/120mA/100mA at minimum cycle time. The TC55417P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(CE), the operating current is reduced 
to 20mA. The TC55417P/J is suitable for use in cache memory and high speed storage, 
where high speed/high density are required. The TC55417P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic SOJ, with 0.3 inch width for high density 
assembly. The TC55417P/J is fabricated with ion implanted CMOS silicon gate MOS tech- 
nology for high performance and high reliability. 



IFEATURESl 



Fast access time: 

TC55417P/J-20 20ns (MAX.) 

TC55417P/J-25 25ns(MAX.) 

TC55417P/J-35 35ns(MAX.) 
Low power dissipation: 

Operation TC55417P/J-20 120mA(MAX.) 
TC55417P/J-25 120mA(MAX.) 
TC55417P/J-35 100mA(MAX.) 

Standby 
5V single power supply 

-20 : 5V±5% 

-25, -35: 5V±10% 



20mA(MAX.) 



Fully static operation 

Directly TTL compatible: 
All Input and Output 

Output buffer control: OE 

Package: 
24 Pin plastic 300 mil DIP (TC55417P) 
24 Pin plastic 300 mil SOJ (TC55417J) 



I PIN CONNECTION I 

(TC55417P) 



(TC55417J) 




A8[ 



v* 



]Voi 

33/03 CErilO 

31/04 OE[ 11 

GND[12 



A7[ 2 

A6C3 ^ 

A5(4 ac 

A4[§ M 

A3t6 > 

A2l7 (u 

Al[8 o 



24]VDD 

23]A9 

22]A10 

21] All 

20]A12 

19 3A13 

18 ]N.C. 

17 3 VOI 

16 31/02 

15 3V03 

^ 3^/04 
13 ] WE 



(DIP) 


(SOJ) 


PIN NAMESl 




A0 * A13 


Address Inputs 


1/01 * 1/04 


Data Input/Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



BLOCK DIAGRAM 



A60- 
A7 0- 



A8 0- 



A9 0- 
A10O- 



-Dsr: 



MEMORY 

CELL ARRAY 

(256X64X4) 



5 VDD 
>GND 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3^7.0 


V 


VlN 


Input Voltage 


-2.0^7.0 


V 


v OUT 


Output Voltage 


-0.5 ^V D d+0.5 


V 


PD 


Power Dissipation 


650 


mW 


^solder 


Soldering Temperature • Time 


260 • 10 


°C-sec 


T stg 


Storage Temperature 


-65 %150 


°C 


T opr 


Operating Temperature 


^70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


-20 


4.75 


5.0 


5.25 


V 


"25, 


-35 


A. 5 


5.0 


5.5 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



D.C. and OPERATING CHARACTERISTICS (Ta«0~70 o C, -20: V DD =5V±5% -25, -35: V DD -5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Til 


Input Leakage Current 


V IN =0 ^ V DD 


- 


- 


±1.0 


uA 


X 0H 


Output High Current 


V OR =2.4V 


-A 


- 


- 


mA 


lOL 


Output Low Current 


V QL :=0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
V OUT =0 ^ V DD 


- 


- 


±1.0 


uA 


Tddo 


Operating Current 


t cycle =Min '-y cle 
CE=V IL 

Other In Put=V IH /V IL 


V DD -5.25V 


-20 


- 


- 


120 


mA 


V DD =5.5V 


-25 


- 


- 


120 


-35 


- 


- 


100 


I DDS1 


Standby Current 


t C y cle =Min cycle 

CE^V IH 

Other Input=V IH /V IL 


V DD =5.25V 


-20 


- 


- 


20 


mA 


V DD -5.5V 


-25 


-35 


I DDS2 


CE=V DD -0.2V 

Other Input=V DD -0.2V or 0.2V 


- 


- 


1 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


7 


pF 


c 0UT 


Output Capacitance 


V 0UT =GND 


9 


PF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 



A.C. CHARACTERISTICS (Ta=0%70°C, -20: V DD =5V±5% -25, -35: V DD =5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


TC55417P/J-20 


TC55417P/J-25 


TC55417P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


t ACC 


Address Access Time 


- 


20 


- 


25 


- 


35 


C C0 


Chip Enable Access Time 


- 


20 


- 


25 


- 


35 


t 0E 


Output Enable to Output Valid 


- ' 


12 


- 


15 


- 


20 


t COE 


Chip Enable to Output in Low-Z 





- 





- 





- 


c COD 


Chip Enable to Output in High-Z 


- 


10 


- 


15 


- 


15 


tOEE 


Output Enable to Output in Low-Z 





- 





- 





- 


t 0D0 


Output Enable to Output in High-Z 


- 


8 


- 


10 


- 


15 


t 0H 


Output Data Hold Time 


5 


- 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC55417P/J-20 


TC55417P/J-25 


TC55417P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


t WP 


Write Pulse Width 


16 


- 


20 


- 


30 


- 


C CW 


Chip Enable to End of Write 


18 


- 


20 


- 


30 


- 


C AS 


Address Set Up Time 





- 





- 





- 


c wr 


Write Recovery Time 





- 





- 





- 


tODW 


WE to Output High-Z 


- 


8 


- 


10 


- 


15 


t OEW 


WE to Output Low-Z 





- 





- 





- 


t DS 


Data Set Up Time 


11 


- 


12 


- 


15 


- 


*DH 


Data Hold Time 





- 





- 





- 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.0V, 3.0V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig. 1 



■9 






I/O PINq- 



4= II 



777 777 

Fig.l OUTPUT LOAD 



Note: In all condition, t^OD max ^ s less than tcoE m ^- n both for a given device and 
from device to device. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 



TIMING WAVEFORMS 
READ CYCLE d) 



x 



CE 



nNWWWWWWWNI 



^\\\\\\\\\\\\\\^ : 



t COE 



c OO 



^OUT 



*OBE 



x 



t OH 



/ /////////////////////////////A 



/ ///////m ws w////////////, 



t ODO 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 

ADDRESS ^ 



CE 
WE 



^^^b 



%C 



X 



^£ 



a W///////////A 

D OUT 



t WP 



:r 



^ODO 



HIGH IMPEDANCE 



D 



IN 



X 



t WR 



■VZMMMMM 



^QEE 



KW\W 



tOEV 



C DH 



mm 



DATA IN STABLE 



X 



WRITE CYCLE 2 (CE Controlled Write) 



ADDRESS 

c¥ 

WE 



X 



tAS 



r wc 



^W\\v\ N 



M^ 



OE 



Dm 



V// /////AW 



t cw 



-/ 



t^p 



■JJMMMMM. 



*ODW 



tQDO 



HIGH IMPEDANCE 



X 



z vs 



t WR 



X 



WWWWWW^ 



t DH 



DATA IN STABLE 



X 



Note: 1. WE is High for Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 



OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



24 



13 



LJ 1 I L— M I I II I I I I — 11 — I I — I U 

1 12 



2 9.8 ±0.2 




0.95±0.1 



II 



1.4 ±0.1 



0.93TYP fJJTl 



J V V V _ 



0.5 ±0.1 



\Q-\ 0.25 < 






Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 



OUTLINE DRAWINGS 



Plastic SOJ 



Unit in mm 



1 5.9 ±0.2 



<R 



S 



nnnnnnnnnnn 



ULJLJLJUILJULJLJLJLJ 



r^) 



L ^). 





IW 




0.4 3 ±0.1 



1.27] 0.71±0.1 



•|Q|o.1S 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55416M5H, TC55416P-20H 



DESCRIPTION! 



The TC55416P/J is a 65,536 bit high speed static random access memory organized as 

16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply, 

Toshiba's high performance device technology provides both high speed and low power 

features with a maximum access time of 15ris/20ns and maximum operating current of 

120mA/100mA at minimum cycle time. 

The TC55416P/J also features an automatic stand-by mode. When deselected by Chip Enable 

(CE) , the operating current is reduced to 1mA. 

The TC55416P/J is suitable for use in cache memory and high speed storage, where high 

speed/high density are required. 

The TC55416P/J is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 

with 0.3 inch width for high density assembly. 

The TC55416P/J is fabricated with ion implanted CMOS silicon gate MOS technology for 

high performance and high reliability. 



I FEATURES I 

• Fast access time: 

TC55416P -15H 15 ns (MAX.) 
TC55416P -20H 20ns (MAX.) 

• Low power dissipation: 

Operation TC55416P -15H 120mA(MAX.) 

TC55416P -2011 100mA (MAX.) 

Standby 1mA (MAX.) 



I PIN CONNECTION! 
TC55416P 



A8 [ 
A7 C 
A6 E 
A5[ 
A4 [ 
A3 [ 
A2 
Al 
AO [ 
CE[ 
OND[ 



1 
2 
3 
4 
5 
6 

d? 

E8 



9 

10 

11 



14] 

13] 
12] 



]V D D 
]A9 
]A10 
All 
]A12 
]A13 
J/01 
1/02 
1/03 
1/04 
WE 



9] 



5] 



(DIP) 



|P IN NAMES 1 


A0 * A13 


Address Inputs 


I/01~ 1/04 


Data Input/Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


vdd 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



• 5V single power supply : 5V±10% 

• Fully static operation 

• Directly TTL compatible: 

All Input and Output 

• Package: 

22 pin plastic 300mil DIP (TC55416P) 



BLOCK DIAGRAM 




-<{>— - CE 
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TC55416M5H, TC55416P-20H 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3-7.0 


V 


VIN 


Input Voltage 


-2.0-7.0 


V 


VOUT 


Output Voltage 


-0.5-VDD+0.5 


V 


PD 


Power Dissipation 


650 


raW 


Tsolder 


Soldering Temperature 


260-10 


°C-sec 


Tstg 


Storage Temperature 


-65-150 


°C 


Topr 


Operating Temperature 


0-70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, V D D=5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN =o-v DD 


- 


- 


±1.0 


/iA 


*0H 


Output High Current 


VOH-2.AV 


-4 


- 


- 


mA 


IOL 


Output Low Current 


V OL =0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE-V IH or WE-V IL 
V OUT =0 ~ V DD 


- 


- 


±1.0 


MA 


Tddo 


Operating Current 


Vdd^-SV t cycle =Min cycle 

d=ViL 

Other Input=Vm/ViL 


-15H 


- 


- 


120 


mA 


-20H 


- 


- 


100 


Iddsi 


Standby Current 


V DD =5.5V t cycle =Min cycle 

CE-V IH 

Other Input=V IH /V IL 


- 


- 


20 


mA 


I DDS2 


CE=V DD -0.2V 

Other Input^V^D-O^V or 0.2V 


- 


- 


1 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


5 


pF 


c OUT 


Output Capacitance 


V 0UT =GND 


7 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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TC55416P-15N, TCS5416P-20M 



A.C. CHARACTERISTICS (Ta=*0~70°C, V DD -5V±10%) 
Read Cycle 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.0V, 3.0V 


Input Rise and Fall Time 


3 ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig.l 



SYMBOL 


PARAMETER 


TC55416P -15H 


TC55416P -20H 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


fc RC 


Read Cycle Time 


15 


- 


20 


- 


ns 


tACC 


Address Access Time 


- 


15 


- 


20 


tco 


Chip Enable Access Time 


- 


15 


- 


20 


c COE 


Chip Enable to Output in Low-Z 





- 





- 


c COD 


Chip Enable to Output in High-Z 


- 


10 


- 


10 


tOH 


Output Data Hold Time 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC55416P -15H 


TC55416P -20H 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


C WC 


Write Cycle Time 


15 


- 


20 


- 


ns 


twp 


Write Pulse Width 


12 


- 


13 


- 


tew 


Chip Enable to End of Write 


12 


- 


13 


- 


tAS 


Address Set Up Time 





- 





- 


tWR 


Write Recovery Time 





- 





- 


tODW 


WE to Output High-Z 


- 


8 


- 


8 


tOEW 


WE to Output Low-Z 





- 





- 


tDS 


Data Set Up Time 


9 


- 


10 


- 


tDH 


Data Hold Time 





- 





- 



I/O PIN O- 



p.: 



Fig.l OUTPUT LOAD 

Note: In all condition, tcoD max Is less than tcoE min both for a given device and 
from device to device. 
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TC55416M5H, TC55416P-20H 



TIMING WAVEFORMS 
READ CYCLE ( X ) 



ADDRESS 



E>OUT 



x 



t RC 



t Ann 



^W^m 



tco 



tCOE 



X 



*OH . 



*/////////////////////, 



^COD 



z 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 



X 



.two 



X 



w ^\^^S . 



*CW 



. ///////////////, 



WE 
D OUT 

din 




X\, 



t WP 



X 



t ODW 1 



(2) 



HIQH IMPEDANCE 



X 



t WR J 



(3) 



JL21L 



DATA IN STABLE 



X 



WRITE CYCLE 2 (CE Controlled Write) 



ADDRESS 



X 



"tAS 



t WC 



x: 



x. 



WE 
D OUT 

Din 



sas^ sm: 



t cw 



t COE, 



t WP 



HIGH IMPEDANCE 



x; 



EJ2S- 



t WR 



X 



t DH J 



DATA IN STABLE 



X 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55416M5H, TC55416P-20H 



OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



24 



2 9.8 ±0.2 



0.95±0.1 




VAAA/ 



1.4 ±0.1 



0.93TYP [Uj| 



13 





1TO4I 



0.5 ±0.1 



TT— 



©* 0.25 ® 



<v # 



Note; Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55416M5H, TC55416P-20H 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55417P/J-15H, TC55417P/J-20H 



[description! 

The TC55417P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba f s high performance device technology provides both high speed and low power 
features with a maximum access time of 15ns/ 20ns and maximum operating current of 
120mA/100mA at minimum cycle time. The TC55417P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(Cl), the operating current is reduced 
to 1mA. The TC55417P/J is suitable for use in cache memory and high speed storage, 
where high speed/high density are required. The TC55417P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic SOJ, with 0.3 inch width for high density 
assembly. The TC55417P/J is fabricated with ion implanted CMOS silicon gate MOS tech- 
nology for high performance and high reliability. 



[FEATURES I 

• Fast access time: 

TC55417P/J-15H 15ns(MAX.) 
TC55417P/J-20H 20ns(MAX.) 

• Low power dissipation: 

Operation TC55417P/J-15H 120mA(MAX.) 

TC55417P/J-20H 100mA(MAX.) 

Standby 1mA (MAX.) 

• 5V single power supply : 5V±10% 



Fully static operation 

Directly TTL compatible: 
All Input and Output 

Output buffer control: UE 

Package: 
24 Pin plastic 300 mil DIP (TC55417P) 
24 Pin plastic 300 mil SOJ (TC55417J) 



[PIN CONNECTION 1 

(TC55417P) 



BLOCK DIAGRAM 



(TC55417J) 




]A12 

]A13 

3N.C. 

33/01 

16 3l/02 

15 31/03 

1* 31/04 

133 WE 



(DIP) 


(SOJ) 


PIN NAMESl 




A0 ^ A13 


Address Inputs 


1/01 ^ 1/04 


Data Input/Output 


UE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 


• N.C. 


No Connection 



MEMORY 
CELL ARRAY 
(256X64X4) 




-<{> »CE 
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TC55417P/J-15H, TC55417P/J-20H 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3^7.0 


V 


v IN 


Input Voltage 


-2.0^7.0 


V 


v OUT 


Output Voltage 


-0.5 'vVdd+O.S 


V 


PD 


Power Dissipation 


650 


mW 


^solder 


Soldering Temperature • Time 


260 • 10 


°Osec 


T stg 


Storage Temperature 


-65^150 


°C 


T opr 


Operating Temperature 


0^70 


°C 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+O.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



D.C. and OPERATING CHARACTERISTICS (Ta«0W0°C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN-0* v DD 


- 


- 


±1.0 


uA 


X 0H 


Output High Current 


V OH =2.4V 


-A 


- 


- 


mA 


lOL 


Output Low Current 


V Qir 0.4V 


8 


- 


- 


mA 


ILO 


Output Leakage Current 


CE=V IH or WE=V IL 
V O ut = ^ V DD 


- 


- 


±1.0 


uA 


Iddo 


Operating Current 


Vdd=5.5V t cycle =Min cycle 
CE=V IL 

Other Input=V IH /V IL 


-15H 


- 


- 


120 


mA 


-20H 


- 


- 


100 


T DDS1 


Standby Current 


V DD" 5 - 5V t cycle =Min cycle 

CE=V IH 

Other Input=V IH /V IL 


- 


- 


20 


mA 


I DDS2 


CE=V DD -Q.2V 

Other Input=V DD -0.2V or 0.2V 


- 


- 


1 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


5 


pF 


COUT 


Output Capacitance 


V QUT =GND 


7 


P F 
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TC55417P/J-15H, TC55417P/J-20H 



A.C. CHARACTERISTICS (Ta=0'W0 o C, V DD =5V±10%) 
Read Cycle 



A.C. TEST CONDITIONS 



Input Pulse Levels 


0.0V, 3.0V 


Input Rise and Fall Time 


3ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig. 1 



SYMBOL 


PARAMETER 


TC55417P/J-I5H 


TC55417P/J-20H 


UN-IT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


15 : 


- 


20 


- 


ns 


^CC 


Address Access Time 


- 


15 


- 


20 


t CO 


Chip Enable Access Time 


- 


15 


- 


20 


t OE 


Output Enable to Output Valid 


- 


9 


- 


10 


t COE 


Chip Enable to Output in Low-Z 





- 





- 


c COD 


Chip Enable to Output in High-Z 


- 


10 


- 


10 


tOEE 


Output Enable to Output in Low-Z 





- 





- 


t ODO 


Output Enable to Output in High-Z 


- 


8 


- 


8 


t OH 


Output Data Hold Time 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


TC55417P/J-15H 


TC55417P/J-20H 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


fc WC 


Write Cycle Time 


15 


- 


20 


- 


ns 


C WP 


Write Pulse Width 


12 


- 


13 


- 


t CW 


Chip Enable to End of Write 


12 


- 


13 


- 


C AS 


Address Set Up Time 





- 





- 


t m. 


Write Recovery Time 





- 





- 


tODW 


WE to Output High-Z 


- 


8 


- 


8 


c OEW 


Wl to Output Low-Z 





- 





- 


l DS 


Data Set Up Time 


9 


- 


10 


- 


C DR 


Data Hold Time 





- 





- 



v D d 



I/O PINq- 



Fig.l OUTPUT LOAD 

Note: In all condition, t£QD max * s l ess than t^QE m ^- n both for a given device and 
from device to device. 
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TC55417PAM5H, TC55417P/J-20H 



TIMING WAVEFORMS 
READ CYCLE (D 



X 



tRC 



™ \\\\\\\\\\\\\\^jr-^ 



t COE 



D OUT 



t OE 



t OE! 



X 



t OH 



/ ?/////////////////////////////, 



tcOD 



/V////////A W /V////////////// 



t ODO 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 

ADDRESS y (_ 



« SSSSS S*: 



t WC 



X 



C AS 



OE" 
D OUT 

Din 



>/////////////// 



l WP 



V 



t ODW 



^ODO 



IT 



HIGH IMPEDANCE 



C DS 



fc WR 



V/////////////////M 



tpEE 



mwwww 



tOEW 



C DH 



^ DATA IN STABLE ^ 



WRITE CYCLE 2 (CE Controlled Write) 



ADDRESS 
CE 



x 



C AS 



C WC 



<st 



WWWW^^^J: 



w V///////A W 



tCOE 



DquT ' 



t CW 



:/' 



t WP 



■AWMMMMl 



tQDW 



tQDO 



HIGH IMPEDANCE 



Din 



t DS 



t WR 



x 



\ \\\mw 



t DH 



^X DATA IN STABLE \ 



Note: 1. WE is High for Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55417PAH5H, TC55417P/J-20H 



OUTLINE DRAWINGS 
• Plastic DIP 



Unit in mm 



22 12 
ni — ir— ii — ir- li — ip— ii — it — ii — in 




\ 


CM 

d 
-H 

to 


UUI 1 1 II ii 1 U U 1 Ii IU 






11 



2 7.2±0.2 




Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55417P/J-15H, TC55417P/J-20H 



OUTLINE DRAWINGS 
• Plastic SOJ 



Unit in mm 



1 5.9 ± 0.2 



/? 



n — r 



2- 



uuuuuuuuuuu 



r^ 



kJ. 



J 


CO 

© 
-H 

00 

to 


» 










,1 

do 
+ • 

eg 

© 




-H 

CO'- 



0.4 3 ±0.1 



0.18 < 



11.27 0.7110.1 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



The TC55464P/J is a 262,144 bits high speed static random access memory organized as 

65,536 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 

Toshiba 1 s CMOS technology and advanced circuit form provides high speed feature. 

The TC55464P/J has low power feature with device control using Chip Enable (CE) . 

Also the device power at memory access is reduced by automatic power down circuit form. 

The TC55464P/J is suitable for use in cache memory where high speed is required, and high 

speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55464P/J is moulded in 24 pin standard DIP and SOJ with 300 mil width for high 

density surface assembly. 



FEATURES 



Fast access time: 

TC55464P/J-20 20ns(MAX.) 

TC55464P/J-25 25ns (MAX.) 

TC55464P/J-35 35ns (MAX.) 

Low power dissipation 

Operation: TC55464P/J-20 120mA(MAX.) 

TC55464P/J-25 120mA(MAX.) 

TC55464P/J-35 100mA(MAX.) 

Standby : 1mA (MAX.) 



5V single power supply: 5V±10% 

Fully static operation 

All Inputs and Outputs: TTL compatible. 

Package: 
24 pin plastic 300 mil DIP: TC55464P 
24 pin plastic 300 mil SOJ: TC55464J 



[PIN CONNECTION! 
TC55464P 



1 BLOCK DIAGRAM] 




(DIP) 



TC55464J 



A8 c 
A7C 
A6C 
A5C 
A4 C 
A3C 
A2C 
Al C 
A0C 
A9C 
CEC 
GNDC 



24 
23 
22 
.21 
£ 20 
19 
18 



16 
15 
14 D 

13 1 



V DD 

A15 

A14 

A13 

A12 

All 

A10 

I/Ol 

1/02 

I/O 3 

1/04 

WE 



(SOJ) 



I PIN NAMES I 


A0 ^ A15 


Address Inputs 


1/01 <v 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


v D d 


Power (+5V) 


GND 


Ground 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



| MAXIMUM RATINGS | 






SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3^7.0 


V 


VlN 


Input Voltage 


-2.0W.0 


V 


Vl/O 


Input/Output Voltage 


-0.5^V DD +0.5 


V 


?D 


Power Dissipation 


1.0 


W 


1" solder 


Soldering Temperature . Time 


260 • 10 


°C • sec 


T strg 


Storage Temperature 


-65^150 


°C 


Topr 


Operating Temperature 


0^70 


°C 



DC RECOMMENDED OPERATING CONDITIONS] (Ta=0'v70°C) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V IH 


Input High Voltage 


2.2 


- 


VDD+0.3 


V 


V IL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



DC and OPERATING CHARACTERISTICS 


] (Ta«0~70°C, V DD «5V±10%) 












SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0 ^ V DD 


- 


- 


±1 


uA 


*OH 


Output High Current 


V H=2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


V OL=0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
V ut = 0^ V DD 


- 


- 


±1 


PA 


*ddo 


Operating Current 


V DD =5.5V, t cycle -MIN cycle 

CE=VrL 

Other Input=V IH /V IL 


-20 


- 


- 


120 


mA 


-25 


- 


- 


120 


-35 


- 


- 


100 


Iddsi 


Standby Current 


V DD -5.5V, t cycle =MIN cycle 

CE=ViH 

Other Input=ViH/ v lL 


- 


- 


20 


mA 


X DDS2 


CE=V DD -0.2V 

Other Input =Vdd~0.2V or 0.2V 


- 


- 


1 



CAPACITANCE 


(Ta«25°C, f=1.0MHz) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


6 


pF 


c 0UT 


Output Capacitance 


VouT =GND 


8 


pF 



NOTE: This parameter periodically sampled is not 100% tested. 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



[AC CHARACTERISTICS! 
READ CYCLE 



(Ta«(K70°C f V DD =5V±10%) 



SYMBOL 


PARAMETER 


TC55464P/J-20 


TC55464P/J-25 


TC55464P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


^CC 


Address Access Time 


- 


20 


- 


25 


- 


35 


t co 


CE Access Time 


- 


20 


- 


25 


- 


35 


t OH 


Output Data Hold Time from Address 
Change 


5 


- 


5 


- 


5 


- 


tCOE 


Output Enable Time from CE 


5 


- 


5 


- 


5 


- 


tCOD 


Output Disable Time from CE 


- 


10 


- 


10 


- 


15 


fc PU 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


25 


- 


35 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC55464P/J-20 


TC55464P/J-25 


TC55464P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


C CW 


Chip Enable to End of Write 


13 


- 


15 


- 


20 


- 


tAS 


Address Set Up Time 





- 





- 





- 


t WP 


Write Pulse Width 


13 


- 


15 


- 


20 


- 


C WR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


10 


- 


12 


- 


15 


- 


tDH 


Data Hold Time 





- 





- 





- 


tQEW 


Output Enable Time from WE 





- 





- 





- 


t ODW 


Output Disable Time from WE 


- 


8 


- 


10 


- 


15 



jAC TEST CONDITIONS! 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and 
Fall Times 


3ns 


Timing Measurement 
Reference Levels 


2.0V/0.8V 


Output Load 


Fig.l 



Fig. 1 



I/Opin 
o~ 



T 



CL=3 0pFy 



; 480H 



:255Q 



I/O pin 
O — 



CL = 5pF j 

7TT 



:48on 



:255n 



(For t C0E , t C0D , t 0EW 
and tQDW) 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



[TIMING WAVEFORMS! 
(1) 



READ CYCLE 



ADDRESSES 



CE 




l ACC 



^-CO 



l COE(4) 



D OUT 



High Impedance 



X 



l OH 



l COD(4) 



OUTPUT DATA VALID 



UNKNOWN 



UNKNOWN 



WRITE CYCLE 1 (WE Controlled Write) 



ADDRESSES 



WE 



CE 



D OUT 



D IN 



X 



l AS. 



IMl 



l wc 



t W p 



t ODW(4) 



t WR 



l OEW(4) 



m 
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TC55464P/J-20, TC55484P/J-25 
TC55464P/J-35 



WRITE CYCLE 2 (CE Controlled Write) 



ADDRESSES 



X 



1 wc 



\vm\\\\\\\K\\\\\\\\\\\ 



CE 



^OUT 



^ 



i cw 



/ 



t C0E(4) 



UNKNOWN 



l DS 



*WR 



X 



'III 



High Impedance 



*DH 



DATA IN TV/ 
STABLE ^\ 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE" 
High transition, Outputs remain in a high impedance state. 

4. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 



( A ) t C0E» t OEW 

(B) t C OD> tQDW 



Output Enable Time 
Output Disable Time 



CE 



WE 



D OUT 



V 



/ 



(A) 



High Impedance 



• 0.2 V 
0.2V 



UNKNOWN 



OUTPUT DATA VALID 



UNKNOWN 



ro.2V 

[High Impedance 



0.2V 
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OUTLINE DRAWINGS) 
Plastic DIP 



TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



UNIT: mm 



24 13 

, nn nnnnnnnn nn 






CM 

© 

-H 


uu uuuuuuuu uu 






0.95 TYP. 



2 9.8 ±0.2 



ffl 



1.2 ±0.1 




-H 




1.2 ±0.1 0.5±0.1 



00.2 5 M 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 



- F-69 - 



TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 



OUTLINE DRAWINGS 

Plastic SOJ (SOJ24-P-300) 



UNIT: mm 



15.9±0.12 




rf^ 




M^> 



0.71 ±0.1 




0.4 3± 0.1 



f0|Q.18 0) 1 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



IDESCRIPTIONI 



TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



The TC55465P/J is a 262, 144 bits high speed static random access memory organized as 

65,536 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 

Toshiba's CMOS technology and advanced circuit form provides high speed feature. 

The TC55465P/J has low power feature with device control using Chip Enable (CE) , and has 

Output Enable Input (OE) for fast memory access. Also the device power at memory access 

is reduced by automatic power down circuit form. 

The TC55465P/J is suitable for use in cache memory where high speed is required, and 

high speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55465P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 

density surface assembly. 



[FEATURES] 



Fast access time: 

TC55465P/J-20 

TC55465P/J-25 

TC55465P/J-35 

Low power dissipation 

Operation: TC55465P/J-20 

TC55465P/J-25 

TC55465P/J-35 

Standby : 



20ns(MAX.) 
25ns(MAX.) 
35ns(MAX.) 

120mA(MAX.) 
120mA(MAX.) 
100mA(MAX.) 

1mA (MAX.) 



5V single power supply: 5V±10% 
Fully static operation 
All Inputs and Outputs: 

TTL compatible. 

Output buffer control : OE 

Package: 
28 pin plastic 300 mil DIP: TC55465P 
28 pin plastic 300 mil SOJ: TC55465J 



PIN CONNECTION] 



BLOCK DIAGRAM 



TC55465P 



N.C.C1 
A15C2 

A8C3 
A 7 £4 
A6C5 
A5 C6 
A4 C 7 
A3C8 
A2C9 
Al C10 
A0 C 11 
FEC12 
OEC13 
GND C 14 



28 
27 
26 

£24 
2 23 
> 22 

BL 21 

O 20 
£ 19 
18 
17 
16 
15 



;D V DD 
3 A14 

. 3 A13 
DA9 
3A10 
DA11 
IJA12 
3 NX. 
DN.C. 

3 i/oi 

3 1/02 
3 1/03 

3 uoa 

DWE 



TC55 4 

N.C. d? 
A15 C2 

A8 C 3 

A7 C 

A6 c 

A5 C 

A4 C 

A3 C 

A2 C 

Al C 

A0 C 

CE C 

OE C 
GNDC 



65J 

28b V DD 
27 DAI 4 
26 3A13 

x 25DA9 
24DA10 

1 23 3 All 
22DA12 
213N.C. 

' 20DN.C. 

1 19D1/01 
18 3 1/02 
17 3 1/03 
16 Dj/04 
15DWE 



(DIP) 



(SOJ) 



PIN NAMES | 








AO ^ A15 


Address Inputs 


1/01 % 1/04 


Data Inputs/Outputs 


CE 


Chip Enable Input 


We 


Write Enable Input 


OE 


Output Enable Input 


vdd 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



A15< 






H MEMORY CELL 
ARRAY 

256x256x4 
( 2 6 2 J 4 4 ) 



1/04 O- 



ft 



an 



WE 
0~E 
CE" 



COLUMN I/O 
CIRCUIT 



COLUMN 
DECODER 



COLUMN ADDRESS 
BUFFER 



mum 

A7 AO 



3" 



255 



DGND 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



[MAXIMUM RATINGS | 






SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.3^7.0 


V 


VlK 


Input Voltage 


-2.0^7.0 


V 


Vl/O 


Input/Output Voltage 


-0.5^V DD +0.5 


V 


PD 


Power Dissipation 


1.0 


W 


"^solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


T strg 


Storage Temperature 


-65^150 


°C 


T 


Operating Temperature 


0*70 


°C 



[DC RECOMMENDED OPERATING CONDITIONS] (Ta«0*70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP, 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



[DC and OPERATING CHARACTERISTICS! (Ta-0'v70 o C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN -o*v DD 


- 


- 


±1 


yA 


x OH 


Output High Current 


V OH -2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


VOL^O^V 


8 


- 


- 


mA 


*L0 


Output Leakage Current 


CE=V IH or 0E-V IH 

or WE=V IL , V OUT *0'W DD 


- 


- 


±1 


UA 


I DD0 


Operating Current 


V DD -5.5V, t cycle =MIN cycle 

cT=v IL 

Other Input^V^/Vrj, 


-20 


- 


- 


120 


mA 


-25 


- 


- 


120 


-35 


- 


- 


100 


ZDDSl 


Standby Current 


V DD «5.5V, t cycle =MIN cycle 

CE*V IH 

Other Input^Vjij/ViL 


- 


- 


20 


mA 


X DDS2 


CE=V DD -0.2V 

Other Input«VDD-0.2V or 0.2V 


- 


- 


1 



ICAPACITANCEl (Ta=25°C. f«1.0MHz) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


6 


pF 


c 0UT 


Output Capacitance 


v OUT =GND 


8 


pF 



NOTE: This parameter periodically sampled is not 100% tested. 
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TC55465P/J-20, TC554«5P/J*5 
TC55465P/J-35 



I AC CHARACTERISTICS! (Ta-0'W0 o C, V DD =5V±10%) 
READ CYCLE 



SYMBOL 


PARAMETER 


TC55465P/J-20 


TC55465P/J-25 


TC55465P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


*RC 


Read Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


tACC 


Address Access Time 


- 


20 


- 


25 


- 


35 


t CO 


CE Access Time 


- 


20 


- 


25 


- 


35 


^E 


OE" Access Time 


- 


10 


- 


12 


- 


15 


tOH 


Output Data Hold Time from Address 
Change 


5 


- 


5 


- 


5 


- 


c COE 


Output Enable Time from CE" 


5 


- 


5 


- 


5 


- 


c C0D 


Output Disable Time from c£ 


- 


10 


- 


10 


- 


15 


tOEE 


Output Enable Time from OE 





- 





- 





- 


t ODO 


Output Disable Time from UE 


- 


8 


- 


10 


- 


15 


tpu 


Chip Selection to Power Up Time 





- 





- 





- 


C PD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


25 


- 


35 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC55465P/J-20 


TC55465P/J-25 


TC55465P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


t CW 


Chip Enable to End of Write 


13 


- 


15 


- 


20 


- 


C AS 


Address Set Up Time 





- 





- 





- 


twp 


Write Pulse Width 


13 


- 


15 


- 


20 


- 


C WR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


10 


- 


12 


- 


15 


- 


C DH 


Data Hold Time 





- 





- 





- 


c OEW 


Output Enable Time from WE 





- 





- 





- 


c ODW 


Output Disable Time from WE 


- 


8 


- 


10 


- 


15 



I AC TEST CONDITIONS! 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and 
Fall Times 


3ns 


Timing Measurement 
Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



Fig. 1 



:480Q 



:480Q 



I/Op ijn 




I/O pin I 


CL=30pFr 

n 


: >255fl 


" 1 1 

CL=5pF^: £25512 

(For t C0E , t 0EE , t C0D , 
t 0D0» tQEW and tnnu) 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



[TIMING WAVEFORJvlSl 

READ CYCLE (1) 



ADDRESSES 



CE 



DC 



OE 



^UT 



11 



l CQ 



M 



l OE 



F OEE (5) 



^COEO. 



High Impedance 



K 



M 



t CO D (5) 



i 



tQ DO (5) 



OUTPUT DATA VALID 



UNKNOWN 



M 



UNKNOWN 



WRITE CYCLE 1 (4) (WE Controlled Write) 



ADDRESSES 



CE 



D OUT 



Din 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



WRITE CYCLE 2 (4) (CE Controlled Write) 



ADDRESSES 



WE" 



X 



*wc 



tAS 



CE 



DOUT 



din 



M 



T/, 



'\ 



tew 



t CX)E(5) 



UNKNOWN 



t DS 



*WR 



% 



High Impedance 



XDATA IN \/~ 

STABLE /\ 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE High 
transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high impedance. 
state during this period, 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

( A ) t COE» t OEE» c OEW Output Enable Time 

( B ) t COD> t 0D0» t ODW Output Disable Time 



we 



D OUT 



CO 



High Impedance 



0.2 V 
0.2 V 



UNKNOWN 



/ 



\ 



-ff , 

OUTPUT DATA VALID 
Hjf ' 



UNKNOWN 



0.2V 

High Impedanc e 



0.2 V 



— F-76 — 



IOUTLINE DRAWINGS! 



Plastic DIP 



TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



UNIT: mm 



nnnnnnnnnnnnn 



JL 



uuuuuuuuuuuuuu 

1 14 



oo 

+ • J 




34.9±0.2 




0. 94 TYP, 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 



OUTLINE DRAWINGS 

Plastic SOJ (SOJ28-P-300) 



UNIT: mm 





18.4 ±0.1 2 




28 15 

.nnnnnnnnnnnnnn. 






< 


> 


a. 

>* 

H 


CM 

N O 

d d 
+ i 

00 


1 


uuuUuuuuuuuu LJ_ 




14 









0.71 ±0.1 



Ha o.i 



0.43±0.1 



\&\ 0-18 ® 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



IDESCRIPTIONI 



TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



The TC55328P/J is a 262,144 bits high speed static random access memory organized as 

32,768 words by 8 bits using CMOS technology, and operated from a single 5-volt supply. 

.Toshiba's CMOS technology and advanced circuit form provides high speed feature. 

The TC55328P/J has low power feature with device control using Chip Enable (CE) , and has 

Output Enable Input (OE) for fast memory access. Also the device power at memory access 

is reduced by automatic power down circuit form. 

The TC55328P/J is suitable for use in cache memory where high speed is required, and high 

speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55328P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 

density surface assembly. 



FEATURES 



Fast access time: 

TC55328P/J- 

TC55328P/J- 

TC55328P/J- 

Low power dissipation 

Operation: TC55328P/J- 

TC55328P/J- 

TC55328P/J- 

Standby : 



■20 20ns(MAX.) 

-25 25ns (MAX.) 

•35 35ns(MAX.) 

•20 120mA(MAX.) 

25 120mA (MAX.) 

■35 100mA (MAX.) 

1mA (MAX.) 



• 5V single power supply: 5V±10% 

• Fully static operation 

• All Inputs and Outputs: 

TTL compatible. 

• Output buffer control : UE 

• Package: 

28 pin plastic 300 mil DIP: TC55328P 
28 pin plastic 300 mil SOJ: TC55328J 



PIN CONNECTION 



BLOCK DIAGRAM! 



TC55328P 



A14 C i 

A12C 2 

A7C3 

A6 C 4 

A5C 5 

A4 C 6 

A3C7 

A2 C 8 

A1C9 

A0C 10 

1X01 C 11 

1/02 C 12 

1/03 C 13 

GNDC 14 



27 3 

26 
^25 
£24 
^23p 
>22P 

a, 21 

O20 

tl9 

18p 



|V T 



28p^DD 

WE 
pA13 
3A8 
3A9 

AH 

OE 
3AJ0 
3CE 
3 1/08 

1/07 
3 1/06 
ZJl/05 
3 1/04 



(DIP) 



PIN NAMES 



TC553 



28J 



A14 

Al2d2 

A7C 

A6C 

A5C 

A4C 

A3C 

A2 C 

A1C 

AOC 

L/OlC 

I/02C 

1/03 C 13 

GNDC 14 



3 

4 _ 

6 w 

7 > 

8 „ 

9 o 

10 w 

11 
12 



iVr, 



283 V DD 
27 3 WE 
26DA13 
25DA8 
24 3 A9 
233 AU 
223 OE 
213AJ.0 
20 3 CE 
19 3 1/08 
18 3 I/O 7 
17 3 I/D6 
16 3 1/05 
15 3 1/04 



(SOJ) 



AO % A14 


Address Inputs 


1/01 * 1/08 


Data Inputs/Outputs 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 



Al4 r 



WE 
OE 
CE 



ZOZ 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



| MAXIMUM RATINGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3^7.0 


V 


V IN 


Input Voltage 


-2.0^ 7.0 


V 


Vl/O 


Input/Output Voltage 


-0.5-u V DD +0.5 


V 


PD 


Power Dissipation 


1.0 


W 


T solder 


Soldering Temperature • Time 


260 • 10 


°C • sec 


T strg 


Storage Temperature 


-65^150 


°C 


^opr 


Operating Temperature 


0^70 


°C 



DC RECOMMENDED OPERATING CONDITIONS | (Ta«(K 70°C) 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



DC and 


OPERATING CHARACTERISTICS] (Ta=0-W0°C, V DD =5V±10%) 












SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


V IN =0 % Vdd 


- 


- 


±1 


pA 


X 0H 


Output High Current 


V OH =2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


V OL -0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE= V IH or OE=V IH 

or WE=V IL , V OUT -0%V DD 


- 


- 


±1 


PA 


IDD0 


Operating Current 


V DD =5.5V, t cycle =MIN cycle 

CE=V IL 

Other Input=ViH/ViL 


-20 


- 


- 


120 


mA 


-25 


- 


- 


120 


-35 


- 


- 


100 


IDDS1 


Standby Current 


V DD =5.5V, t cycle =MIN cycle 

CE=V IR 

Other Input^Vxn/ViL 


- 


- 


20 


mA 


!dDS2 


CE=V DD -0.2V 

Other Input=VDD~0.2V or 0.2V 


- 


- 


1 



CAPACITANCE 


(Ta=25°C, f«1.0MHz) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


6 


pF 


COUT 


Output Capacitance 


V 0UT -GND 


8 


P F 



NOTE: This parameter periodically sampled is not 100% tested.. 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



I AC CHARACTERISTICS] (Ta=0-W0°C, V DD =5V±10%) 



READ CYCLE 



SYMBOL 


PARAMETER 


TC55328P/J-20 


TC55328P/J-25 


TC55328P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


"tRe- 


Read Cycle Time 


20 


- 


25 


_ 


35 


- 


ns 


tACC 


Address Access Time 


- 


20 


- 


25 


- 


35 


tco 


CE Access Time 


- 


20 


- 


25 


- 


35 


tOE 


OE Access Time 


- 


10 


- 


12 


- 


15 


t OH 


Output Data Hold Time from Ad- 
dress Change 


5 


- 


5 


- 


5 


- 


t COE 


Output Enable Time from CE 


5 


- 


5 


- 


5 


- 


t COD 


Output Disable Time from £1 


- 


10 


- 


10 


- 


15 


k)EE 


Output Enable Time from OE 





- 





- 





- 


tODO 


Output Disable Time from OE 


- 


8 


- 


10 


- 


15 


t PU 


Chip Selection to Power Up Time 





- 





- 





- 


t PD 


Chip Deselection to Power Down 
Time 


- 


20 


- 


25 


- 


35 


WRITE CYCLE 


SYMBCL 


PARAMETER 


TC55328P/J-20 


TC55328P/J-25 


TC55328P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t WC 


Write Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


c cw 


Chip Enable to End of Write 


13 


- 


15 


- 


20 


- 


tAS 


Address Set Up Time 





- 





- 





- 


tWP 


Write Pulse Width 


13 


- 


15 


- 


20 


- 


tWR 


Write Recovery Time 





- 





- 





- 


tDS 


Data Set Up Time 


10 


- 


12 


- 


15 


- 


tDH 


Data Hold Time 





- 





- 





- 


t OEV 


Output Enable Time from WE 





- 





- 





-. 


t ODW 


Output Disable Time from WE 


- 


8 


- 


10 


- 


15 



[AC TEST CONDITIONSl 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and 
Fall Times 


3ns 


Timing Measurement 
Reference Levels 


2.0V/0.8V 


Output Load 


Fig. 1 



I Fig, 11 



I/O pin 
O— 



CL=30pF j 

77T 



uson 



:255n 



i/Opin 



CL=5pF 



■7 



:255Xi 



(For t C0 £, t £E» t C0D» 
t0D0» tOEW and tQDw) 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



[TIMING WAVEFORMSl 
READ CYCLE (1) 



ADDRESSES 



CE 



13 



*RC 



Jacc 



^ 



fc— -^ 



OE 



^OUT 



» 



& 



l OE 



* PEE (5) 
t^OES) 



High Impedance 



*OH 



A 



t CODO 



em 



tODOG) 



OUTPUT DATA VALID 



UNKNOWN 



mm 



UNKNOWN 



WRITE CYCLE 1 (4) (WE Controlled Write) 



twc 



ADDRESSES 



WE 



CE 



DOUT 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



WRITE CYCLE 2 ^ (CE Controlled Write) 



ADDRESSES 



WE 



X 



*wc 



tAS 



^^ 



CE 



u OUT 



*>IN 



& M 



W 



l COE(5} 



UNKNOWN 



l DS 



tWR 



-^L 



W/////////////7////f 



High Impedance 



XDATA IN '\f 
STABLE J \ 



t DH 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



Note; 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

^ A ) t COE» t-OEE* t 0EW Output Enable Time 

W t COD» ^DO* t 0DW Output Disable Time 



CE.OE 



WE 



D OUT 



/ 



(A) 



High Impedance 



0.2 V 
0.2 V 



UNKNOWN 



/ 



OUTPUT DATA VALID 

—a 



UNKNOWN 



0.2V 
High Impedanc e 



0.2 V 
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TC55328P/J-28, TC55328P/J-25 
TC55328P/J-35 



IOUTLINE DRAWING^ 



Plastic DIP 



UNIT: mm 



/nnnnnnnnnnnnnn 




> 


d 
-H 


1 uuuuuuuuuuuuuu 







Note; Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 



OUTLINE DRAWINGS 

Plastic SOJ (SOJ28-P-300) 



UNIT: ram 



18.4±D.12 





0.71±0.1 




Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55329P/J-20, TC55329P/J-25 
TC55329P/J-35 



1 description! 

The TC55329P/J is a 294,912 bits high speed static random access memory organized as 

32,768 words by 9 bits using CMOS technology, and operated from a single 5-volt supply. 

Toshiba's CMOS technology and advanced circuit form provides high speed feature. 

TheTC55329P/J has low power feature with device control using Chip Enable ((JH/CE2), and 

has Output Enable Input (5E) for fast memory access. Also the device power at memory 

access is reduced by automatic power down circuit form. 

The TC55329P/J is suitable for use in cache memory where high speed is required, and high 

speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55329P/J is moulded in 32 pin standard DIP and SOJ with 300 mil width for high 

density surface assembly. 



FEATURES 



Fast access time: 

TC55329P/J-20 20ns(MAX.) 

TC55329P/J-25 25ns(MAX. ) 

TC55329P/J-35 35ns(MAX. ) 
Low power dissipation 

Operation: TC55329P/J-20 120mA (MAX.) 

TC55329P/J-25 120mA (MAX.) 

TC55329P/J-35 100mA(MAX.) 

Standby : 1mA (MAX.) 



5V single power supply: 5V±10% 

Fully static operation 

All Inputs and Outputs: 

Output buffer control : 

Package 
32 pin plastic 300 mil DIP: 
32 pin plastic 300 mil SOJ: 



TTL compatible 
OE 



TC55329P 
TC55329J 



PIN CONNECTION 



TC55329P 



N.C. C 
N.C.C 
A8 C 
A7C 
A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
Al C 
A0 C 

I/Ol c 
L/02 C 
1/03 C 
1/04 C 
GNDC 



1 


32 


D V DD 


2 


31 


3A14 


3 


30 


3CE2 


4 


29 


DWe 


o 


28 


DA13 


6 


V 27 


ZJA9 


7 


a 26 


3A10 


8 


C25 


1A11 


9 


24 


DOE 


10 


o 23 


DA12 


11 


H 22 


3CE1 


12 


w 21 


3 L/D9 


13 


20 


5 1/08 


14 


19 


31/07 


15 


18 


3 1/06 


16 


17 


31/05 



(DIP) 



N.C, 

N.C. 

A8C 

A7C 

A6 C 

A5 C 

A4 C 

A3C 

A2C 

Al C 

A0 C 

M>1 C 

1/)2C 

L/03C 

1/04 C 

GNDC 



TC55329J 



BLOCK DIAGRAM! 



32 3 

31 3 

30 3 

29 3 

28 3 

27 3 

55 26 3 

r 25 3 

24 3 

p 23 3 

h 22 3 

'21 3 

20 3 

19 3 

18 3 

17 3 



VDD 

A14 

CE2 

WE 

A13 

A9 

A10 

All 

OE 

A12 

CE1 

1/09 

1/08 

1/0 7 

1/06 

1/05 



(SOJ) 



[PIN NAMES] 


AO ^ A14 


Address Inputs 


1/01 ^ 1/09 


Data Inputs/Outputs 


CE1, CE2 


Chip Enable Inputs 


WE 


Write Enable Input 


OE 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 



Al 4 




o 


CO 


A o — 


co=; 






J 




/ o 


£Q^ 


o 


o=— 


\ 5-Z 


-< = 


A70 





s8 



1/01 



1/09 
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[MAXIMUM RATINGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.3^ 7.0 


V 


VlN 


Input Voltage 


-2.0^7.0 


V 


Vl/O 


Input/Output Voltage 


-0.5^V DD +0.5 


V 


?D 


Power Dissipation 


1.0 


w 


^solder 


Soldering Temperature . Time 


260 • 10 


°C • sec 


T strg 


Storage Temperature 


-65^150 


°C 


T opr 


Operating Temperature 


. 0^70 


°C 



DC RECOMMENDED OPERATING CONDITIONS | (Ta=0^70°C) 



SYMBOL 


PARAMETER | MIN. 


TYP. 


MAX. 


UNIT 


v D d 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


VdD+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



1 DC anc 


I OPERATING CHARACTERISTICS 


J (Ta»0*70°C f V DD =5V±10%) 












SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN «o*v DD 


- 


- 


±1 


yA 


TOH 


Output High Current 


V OH =2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE1=V IH or CE2-VJL or 0E=V IH 
or WE=Vil, VouT^O'vVdd 


- 


- 


±1 


PA 


x DD0 


Operating Current 


V DD -5.5V, t cyc ie=MIN cycle 
CEI-Vjl and CE2=V IH 
Other Input-V IH /V IL 


-20 


- 


- 


120 


mA 


-25 


- 


- 


120 


-35 


- 


- 


100 


X DDS1 


Standby Current 


V DD -5.5V, t cycle =MIN cycle 
CE1=V IH or CE2=V IL 
Other Input «Vih/Vil 


- 


- 


20 


mA 


X DDS2 


CE1=V DD -0.2V or CE2=0.2V 
Other Input=V])D-0.2V or 0.2V 


- 


- 


1 



[CAPACITANCE] (Ta=25°C, f=1.0MHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


6 


PF 


COUT 


Output Capacitance 


Vq UT =GND 


8 


pF 



NOTE: This parameter periodically sampled is not 100% tested. 



- F88 



TC55329P/J-20, TC55329P/J-25 
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I AC CHARACTERISTICS! (Ta-0^70°C, V DD =5V±10%) 



READ CYCLE 



SYMBOL 


PARAMETER 


TC55329P/J-20 


TC55 32 9P/J-25 


TC55329P/J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


t RC 


Read Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


t ACC 


Address Access Time 


- 


20 


- 


25 


- 


35 


tcoi 


CEl Access Time 


- 


20 


- 


25 


- 


35 


^02 


CE2 Access Time 


- 


20 


- 


25 


- 


35 


tQE 


OE Access Time 


- 


10 


- 


12 


- 


15 


t 0H 


Output Data Hold Time from Address 
Change 


5 


- 


5 


- 


5 


- 


tCOE 


Output Enable Time from CEl or CE2 


5 


- 


5 


- 


5 


- 


c COD 


Output Disable Time from CEl or CE2 


- 


10 


- 


10 


- 


15 


^EE 


Output Enable Time from OE 





- 





- 





- 


t 0D0 


Output Disable Time from OE 


- 


8 


- 


10 


- 


15 


tpu 


Chip Selection to Power Up Time 





- 





- 





- 


tPD 


Chip Deselection to Power Down Time 


- 


20 


- 


25 


- 


35 


WRITE CYCLE 


SYMBOL 


PARAMETER 


TC55329P/J-20 


TC5 532 9P/J-25 


TC55329P/<J-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


20 


- 


25 


- 


35 


- 


ns 


t CW 


Chip Enable to End of Write 


13 


- 


15 


- 


20 


« 


tAS 


Address Set Up Time 





- 





- 





- 


cwp 


Write Pulse Width 


13 


- 


15 


- 


20 


- 


tWR 


Write Recovery Time 





- 





- 





- 


fc DS 


Data Set Up Time 


10 


- 


12 


- 


15 


- 


C DH 


Data Hold Time 





- 





- 





- 


t OEW 


Output Enable Time from WE 





-. 





- 





- 


t ODW 


Output Disable Time from WE 


- 


8 


- 


10 


- 


15 



(AC TEST CONDITIONS 



Input Pulse Levels 


3.0V/0.0V 


Input Pulse Rise and 
Fall Times 


3ns 


Timing Measurement 
Reference Levels 


2.0V/0.8V 


Output Load 


Fig.l 



IFig.l 



I/Opino— 



I /O p i n o- 



C L =30pF jl S255H C L =5pF± 



^255H 



(For t CO E> t EE> ^COD, 
C 0D0» t 0EW and tODW) 
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TC5532SP/J-20, TC5S329P/J-25 
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[TIMING WAVEFORMSl 
READ CYCLE (1) 



*RC 



ADDRESSES 



CE2 



j i ../ TC 



l ACC 



v 



CE 



' s 



OE 



u OUT 



! C02 



$s 



l C01 



s. 



l OE 



OEE(5) 



'coEfs: 



High inpedance 



l COE(5) 



UNKNOWN 



M 



*0H 



tCODfS) 



tCOD(5) 



M 



*ODO(5) 



OUTPUT DATA VALID 



M 



WBl 



unknown 



WRITE CYCLE 1 (4) (WE Controlled Write) 



ADDRESSES 



X 



US, 



CE2 



CE1 



D OUT 



*wc 



l WP 



l WR 



X 
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TC55329P/J-20, TC55329P/J-25 
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WRITE CYCLE 2 (4) (CE1 Controlled Write) 



twc 



ADDRESSES 



}< 



WE 



CE2 



wwwv 



-WWW 



wm, 



¥ 



*CW 



tCOEfS 



DOUT 



Din 



UNKNOWN 



tWTl 



High Impedance 



i m 



~\/r DATA IN \f 

X| STABLE A 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



ADDRESSES 



X 



CE2 



CE1 



D OUT 



Din 



*COE(5) 



twc 



K 



tWR 



l CW 



UNKNOWN 



*DS 



High Impedance 



\/ E DATA IN \f 

A , STABLE , /\ 
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TC5532SP/4-20, TC55329P/J-25 
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NOTE: 1. WE is High for Read Cycle. 

2. Assuming that CEl Low transition or CE2 High transition occurs coincident 
with or after WE Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEl High transition or CE2 Low transition occurs coincident 
with or prior to WE High transition, Outputs remain in a high impedance 
state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

( A ) t C0E» ^EE* t 0EW Output Enable Time 

( B ) t COD> t 0D0» c ODW Output Disable Time 



CEl, OE 



WE,CE2 



DOUT 



K 



V 



(A) 



High Impe d 



anc e -I—X- 



02 V 



vt_!!L 



UNKNOWN 



\ 



(B) 



-a 

OUTPUT DATA VALID 

-^ 



UNKNOWN 



0.2 V 



High Imped ance 



U2V 
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OUTLINE DRAWINGS 



Plastic DIP 



TC5S32WVJ-28, TC55329P/J-25 
TG55329P/J-35 



UNIT: mm 








^J/ 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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OUTLINE DRAWINGS 



Plastic SOJ 



UNIT: mm 



20.96±0.12 




0.7 1 ±0.1 




rf=* 



MsA 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



THMS121620Z-25,-35 



[description! 

The THMS121620Z is a 16,384 words by 12 bits static RAM module constructed on a 
double sided PC board using three TC55417J (16Kx4) static RAMs in SOJ packages. 
The THMS121620Z is offered in a 40 pin 500 mil zip module suitable for 
applications, such as cache memory and high-speed storage, where high-speed 
and high packing density are required. 

The THMS121620Z is available with access times as fast as 25ns and maximum power 
consumption of 1.95 watts. All the inputs and outputs of the THMS121620Z are 
TTL compatible and the module operates from a single 5-volt supply. 



FEATURES 



• Fast access time: 

THMS121620Z-25 25ns(MAX.) 
THMS121620Z-35 35ns(MAX.) 

• Low power dissipation: 

Operation THMS121620Z-25 360mA (MAX.) 
THMS121620Z-35 300mA (MAX.) 

Standby 60mA (MAX.) 

• 5V single power supply of 5V±10% 



• Fully static operation 

• Directly TTL compatible: All Input 

and Output 

• Output buffer control: OE 

• Package: 40 pin 500mil ZIP 



I PIN CONNECTION 




(TOP VIEW) 










GND 


1 1 








111 


r-iy- 


DQ0 


DQ1 
DQ3 


Lll 


DQ2 


A0 


T7 


It. 


V DD 


A2 


"9"] 


L«L 


Al 






b± 


A3 


A4 


"ill 








Tl2 


A5 


A6 


13"! 










fn 


GND 


DQ4 


Ts] 










Jj 6 


DQ5 


DQ6 


.III 


rnr 


DQ7 


WE 


*rn 


x~~ 






.—- 


L 20 


GND 


OE 


JLll 


Qfsr 


CE 


DQ8 


_23j 


r 2 v 


DQ9 


DQ1 


25] 


__._ 




GND 


"27] 


r J± 


DQU 


A12 


"29"T 


[£€ 


A13 


A10 


10 


•3.0. 
f3~2~ 


Al 1 
A9 


A8 
V DD 


3~3l 

55 


EG! 

. r 3 T 


A7 
N.C. 


N.C. 


iV. 






N.C. 


J£ 


35. 

21 


N.C. 
GND 



(1 ) 

(2) 

(5) 
(6) 
(7) 
(8) 
(9) 
( 10) 
( 11) 
( 12) 
(13) 
(14) 
( 15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
( 23) 
(24) 
t J5) 
(26) 
(27) 
(28) 
(29) 
(30) 



(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 



1 C 3 

1 C 3 

I C 3 

J C 3 

1 C 3 

C 3 

I C 3 

, C 3 

1 C 3 

I cj p 

I C 3 

, C 3 

I c 3 

I c 3 

C 3 

I C 3 

r c 3 

1 C 3 

I C 3 

C 3 

I C 3 

I q p 

a. 
o 



IPIN NAMES| 


A0^A13 


Address Inputs 


DQ0 ^ DQ11 


Data Input/Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


VDD 


Power (+5V) 


GND 


Ground 


N.C. 


No Connection 
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BLOCK DIAGRAM] 



A0-A13 



CE O- 
WE O- 



OE O- 



V DD O- 



GND O- 



A0-A13 



C OE 



1/01 
1/02 
1/03 
1/04 



-41- 



^>A0-A13 1/01 

-0|CE 1/0 2 

WE 1/03 

-CJOE 1/04 



J\ 



<: CE 



HH 



A0-A13 



-C WE 

-C 0E 



1/01 
1/02 
1/0 3 
1/04 



HH 



Uni t in mm 



-o DQO 



-O DQl 



-O DQ2 



-0 DQ3 



-O DQ4 



-O DQ5 



-ODQ6 



-O DQ? 



-O DQ8 



-0 DQ9 



-0 DQ10 



-O DQl 1 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vdd 


Power Supply Voltage 


-0.3%7.0 


V 


VlN 


Input Voltage 


-2.0% 7.0 


V 


VquT 


Output Voltage 


-0.5%V DD +0.5 


V 


?D 


Power Dissipation 


1.95 


w 


Tsolder 


Soldering Temperature • Time 


260 • 10 


°Csec 


T stg 


Storage Temperature 


-55% 125 


°C 


T opr 


Operating Temperature 


0%70 


°C 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V D D+0.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



DC and OPERATING CHARACTERISTICS (Ta=0%7Q°C, v DD =5V±10%) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN -o % v DD 


- 


- 


±3.0 


UA 


X 0H 


Output High Current 


V OH =2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


V 0L =0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
v OUT =( K V DD 


- 


- 


±1.0 


uA 


x DDO 


Operating Current 


t C y C i e =Min cycle 
CE-V IL , V DD -5.5V 
Other Input=VjH/ViL 


-25 


- 


- 


360 


mA 


-35 


- 


- 


300 


X DDS1 


Standby Current 


t cycle s=Min c y c ^ e 
CE-VlH. V DD =5.5V 
Other Input=V IH /V IL 


-25 


- 


- 


60 


mA 


-35 


X DDS2 


CE»V DD -0.2V 

Other Input«VD D -0.2V or 0.2V 


- 


- 


3 



CAPACITANCE (Ta*25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =GND 


23 


pF 


c 0UT 


Output Capacitance 


V 0UT =GND 


13 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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AC CHARACTERISTICS (Ta-CW0°C, V DD -5V±10%) 
Read Cycle 



SYMBOL 


PARAMETER 


THMS121620Z-25 


THMS121620Z-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


25 


- 


35 


- 


ns 


C ACC 


Address Access Time 


- 


25 


- 


35 


tco 


Chip Enable Access Time 


- 


25 


- 


35 


tOE 


Output Enable to Output Valid 


- 


15 


- 


20 


tCOE 


Chip Enable to Output in Low-Z 





- 





- 


tcob 


Chip Enable to Output in High-Z 


- 


15 


- 


15 


tOEE 


Output Enable to Output in Low-Z 





- 





- 


tODO 


Output Enable to Output in High-Z 


- 


10 


- 


15 


tOH 


Output Data Hold Time 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


THMS121620Z-25 


THMS121620Z-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


25 


- 


35 


- 


ns 


twp 


Write Pulse Width 


20 


- 


30 


- 


tew 


Chip Enable to End of Write 


20 


- 


30 


- 


tAS 


Address Set Up Time 





- 





- 


tWR 


Write Recovery Time 





- 





- 


tODW 


WE to Output High-Z 


- 


10 


- 


15 


t OEW 


WE to Output Low-Z 





- 





- 


^S 


Data Set Up Time 


12 


- 


15 


- 


t DH 


Data Hold Time 





- 





- 



AC TEST CONDITIONS 



Input Pulse Levels 


0.0V, 3.0V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig. 1 



I/O PIN O- 



Fig.l OUTPUT LOAD 

Note: In all condition, t^oD max is less than tcoE min both for a given device 
and from device to device. 
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TIMING WAVEFORMS 
READ CYCLE (1) 

A0-A13 

CE 



x 



l ACC 



m\^sW 



tco 



^\\\\\\\K\\\\\^T 



tQE 



DQ0-DQll(D OUT ) 



l COE 



tQH, 



//////////////////////////////A 



tCOD 



A///////////////////////////M 



t ODO 



OUTPUT DATA VALID 



J 



WRITE CYCLE 1 (WE Controlled Write) 
A0-A13 X [ 



l WC 



CE 



WE 

OE 



^^W 



t cw 



x 



V///////A'//////////, 



"xxx 



v 



/////,,//.■ '7/,f 



ODW. 



l ODO 



dqo~dqii(d ut) 

DQ0-DQ11(D IN ) 



(?) ; 



HIGH IMPEDANCE 



l DS 



l OEE 



^ 



l OEW 



<(3« 



l DH 



X 



D\TA IN STABLE 



X 



WRITE CYCLE 2 (CE Controlled Write) 

A0-A1 3 



*WC 



X 



Usi 



CE 
WE 
OE~ 



^ 



\\m\\\\\\\\\\\V- 



l WP 



: #////////////////& 



t COE 



dqo-dqii(dout) 



DQ0~DQll(D IN ) 



K opW, 
t-ODO 



HIGH IMPEDANCE 



l DS 



* 



a^ 



v^^ 



l DH, 



DATA IN STABLE 



X 



Note: 1. WE is High for_Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

A. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 



Unit in mm 



5 2.2MAX. 



nnnnnnnnnnnn 



uuuuuuuu uuuu 



nnnnnnnnnnnn 



uuuuuuuuuuuu 




1.2 7 



8.8 9 MAX. 



[ 



] 



n 

1 _ 2.5 4^ 



DETAIL 



1.2 7 



Front Face ^^ 




m 



Back Face 




<^\ 



\\ 



2.5 4 
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[DESCRIPTION 



The THMS161620Z is a 16,384 words by 16 bits static RAM module constructed on a 
double sided PC board using four TC55417J (16Kx4) static RAMs in SOJ packages. 
The THMS161620Z is offered in a 40 pin 500 mil zip module suitable for 
applications, such as cache memory and high-speed storage, where high-speed and 
high packing density are required. 

The THMS161620Z is available with access times as fast as 25ns and maximum power 
consumption of 2.6 watts. All the inputs and outputs of the THMS161620Z are TTL 
compatible and the module operates from a single 5-volt supply. 



IfeaturesI 

• Fast access time: 

THMS161620Z-25 25ns(MAX.) 
THMS161620Z-35 35ns(MAX.) 

• Low power dissipation: 

Operation THMS161620Z-25 480mA (MAX.) 
THMS16162QZ-35 400mA (MAX.) 

Standby 80mA (MAX.) 

• Single power supply of 5V±10% 



• Fully static operation 

• Directly TTL compatible: All Input 

and Output 

• Output buffer control: OE 

• Package: 40 pin 500 mil ZIP 



PIN CONNECTION! 



(TOP VIEW) 









GND 


1 . 


r-- 








DQ1 


.1-.' 


'■-- 


DQ3 


T. 




A0 


"1 


A2 








;10 


A4 


JJJ 


£-- 


A 6 
DQ4 


>3S 


U_ 2 
L 1 6 


DQ6 


jjj 


rnr 


S\E 


i <n 


T-Ta 






IZQ. 


OE 


JLL 










DQ8 


2$ 


v "~" 


DQ10 


I 5 J 


L 2 - 4 . 


GND 
A12 


jffj 
29j 




Al 
A8 


3.U 

3)] 


Hi"? 








V DD 
DQ1 3 


. 3 JL" 


J36 


DQ1 5 


_3_9J 


55 



DQ0 
DQ2 

V DD 

Al 

A3 

A5 

GND 

DQ5 

DQ7 

GND 

CE 

DQ9 

DQ1 1 

A 1 3 

Al 1 

A9 

A" 

PQ1 2 

DQ1 4 

GND 



( I) 
(2) 
(3) 
( 4) 
( 5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(1 1) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(1 8) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 



I C 3 

| C 3 

1 C 3 

I c 3 

i c 3 

I C 3 

I C 3 

1 C 3 

I C 3 

i C 3 

I C 3 

| C| p 

I C 3 

. t 3 

1 [ : 

I c 3 

C 3 

I C 3 

I C D 

1 C 3 

I c D 

C 3 

I C 3 

j C 3 

© 



PIN names! 


A0^ A13 


Address Inputs 


DQ0^DQ15 


Data Input/Output 


CE 


Chip Enable Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


V D D 


Power (+5V) 


GND 


Ground 
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BLOCK DIAGRAM 



A0-A13 [_ 



CE O- 
OE °- 



V DD°~ 
GND <>~ 



~> 



A0-A13 
CE 



•0 WE 



< OE 



1/01 
1/02 
1/03 
1/04 



"7" 



S 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


Vdd 


Power Supply Voltage 


-0.3* 7.0 


V 


VlN 


Input Voltage 


-2.0*7.0 


V 


v OUT 


Output Voltage , 


-0.5^V DD +0.5 


V 


?D 


Power Dissipation 


2.6 


w 


T solder 


Soldering Temperature • Time 


260 • 10 


°C-sec 


T stg 


Storage Temperature 


-55^125 


°C 


^opr 


Operating Temperature 


0*70 


°C 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


vdd 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


V IL 


Input Low Voltage 


-0.3 


- 


0.8 



DC and 


OPERATING CHARACTERISTICS 


(Ta=0*70°C, V D d=5V±10%) 










SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


ViN=0*V DD 


- 


- 


±4.0 


uA 


I OH 


Output High Current 


V H S= 2.4V 


-4 


- 


- 


mA 


lOL 


Output Low Current 


V QL =0.4V 


8 


- 


- 


mA 


lLO 


Output Leakage Current 


CE=V IH or WE=V IL 
V OUT =0'v v DD 


- 


- 


zl.O 


UA 


x ddo 


Operating Current 


t cycle =Min c ^ cle 
CE=Vi L , V DD =5.5V 

Other Input=V IH /VjL 


-25 


- 


- 


480 


mA 


-35 


- 


- 


400 


^DSl 


Standby Current 


tcycle^ 111 cycle 
CE^IH* V DD =5.5V 
Other Input=V IH /V IL 


-25 


- 


- 


80 


mA 


-35 


X DDS2 


CE=V DD -0.2V 

Other Input=V D D~0.2V or 


0.2V 


- 


- 


4 



CAPACITANCE (Ta=25°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MAX. 


UNIT 


C IN 


Input Capacitance 


V IN =GND 


28 


PF 


c OUT 


Output Capacitance 


V 0UT =GND 


13 


pF 



Note: This parameter periodically sampled is not 100% tested. 
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AC CHARACTERISTICS (Ta=0^70°C, V DD =5V±10%) 
Read Cycle 



AC TEST CONDITIONS 



Input Pulse Levels 


0.0V, 3.0V 


Input Rise and Fall Time 


5ns 


Input and Output Timing 
Reference Levels 


0.8V, 2.0V 


Output Load 


See Fig. 1 



I/O PIN O- 



1 g| 



SYMBOL 


PARAMETER 


THMS161620Z-25 


THMS161620Z-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tRC 


Read Cycle Time 


25 


- 


35 


- 


ns 


^CC 


Address Access Time 


- 


25 


- 


35 


t CO 


Chip Enable Access Time 


- 


25 


- 


35 


t 0E 


Output Enable to Output Valid 


- 


15 


- 


20 


tCOE 


Chip Enable to Output in Low-Z 





- 





- 


t COD 


Chip Enable to Output in High-Z 


- 


15 


- 


15 


t 0EE 


Output Enable to Output in Low-Z 





- 





- 


tODO 


Output Enable to Output in High-Z 


- 


10 


- 


15 


c OH 


Output Data Hold Time 


5 


- 


5 


- 


Write Cycle 


SYMBOL 


PARAMETER 


THMS161620Z-25 


THMS161620Z-35 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


twc 


Write Cycle Time 


25 


- 


35 


- 


ns 


ttvTP 


Write Pulse Width 


20 


- 


30 


- 


tew 


Chip Enable to End of Write 


20 


- 


30 


- 


C AS 


Address Set Up Time 





- 





- 


r WR 


Write Recovery Time 





- 





- 


t ODW 


WE to Output High-Z 


- 


10 


- 


15 


t 0EW 


WE to Output Low-Z 





- 





- 


Z DS 


Data Set Up Time 


12 


- 


15 


- 


C DH 


Data Hold Time 





- 





- 



777 777 

Fig.l OUTPUT LOAD 

Note: In all condition, t^QD max ^ s less than t C0 £ min both for a given device and 
from device to device. 
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TIMING WAVEFORMS 
READ CYCLE (1) 

A0-A13 



CE 



OE 



DQ0-DQ15(D OUT ) 



X 



tACC 



\\\N\\\\\\\;v;\\fc>-^ 



^Wi 



l COE 



fcj: 



tQE 



I^OEE 



| *OH 



Aw//*y/#/////>///////////y/, 



t ODO 



OUTPUT DATA VALID 



WRITE CYCLE 1 (WE Controlled Write) 



A0-A13 
CE 
WE 
OE 



X 



twc 



&c 



tew 



# 



■tf//////////////A/sY>', 



tAS 



AX. 



t; V p 



*WR 



K" 



7777 



l ODW 



l ODO 



DQ0-DQ15(D O ut) $^/JM&£to %%$$& 
DQ0~DQ15(D IN ) 



HIGH IMPEDANCE 



*DS 



tPEE 



\^s^\\^ 



l onv 



CE& 



XI 



ATA IN STABLE 



X 



WRITE CYCLE 2 (CE Controlled Write) 

A0-A13 ^ 



*AS 



X 



CE 



"f 



tew 



UVR 



*WP 



v\\\\\\\\\\V 



v////////////////' 



oe ;;, ,.>>;,;■ 



l COE 



|k)pw 

tpDO 



DQ0~DQ15(D O ut) 
DQ0~DQ15(D in ) 



HIGH IMPEDANCE 



l DH , 



^ DATA IN STABLE ^ 



Note: 1. WE is High for Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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IQUTLINE DRAWINGS] 



Unit in mm 



5 2.2 MAX. 
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8.8 9 MAX. 
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DETAIL 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TMM27256BD-15, TMM27256BD-150 
TMM27256BD-20, TMM27256BD-200 



The TMM27256BD is a 32,768 words * 8 bits ultraviolet light erasable and electrically 

programmable read only memory. 

For read operation, the TMM27256BD T s access time is 150ns/200ns, and the TMM27256BD 

operates from a single 5-volt power supply and has low power standby mode which 

reduces the power dissipation without increasing access time. The standby mode is 

achieved by applying a TTL-high level signal to the CF input. 

For program operation, the programming is achieved by using the high speed programming 

mode. The TMM27256BD is fabricated with the N-channel silicon double layer gate MOS 

technology. 



[features! 





-15 


-20 


-150 


-200 


v cc 


5V±5% 


5V±10% 


t ACC 


150ns 


200ns 


150ns 


200ns 


I CC2 


100mA 


120mA 


I CC1 


30mA 


35mA 



Full static operation 
High speed programming mode I, H 
Inputs and outputs TTL compatible 
Pin compatible with 127256 
Standard 28 pin DIP cerdip package 



BLOCK DIAGRAM! 



O0 01 02 03 04 05 06 07 



Ipim connection! 



v pph 


1 v 


28 


DV CC 


A12C 


2 


27 


DA14 


A7 C 


3 


26 


DAI 3 


A6C 


4 


25 


3A8 


A5C 


5 


24 


3A9 


A4C 


6 


23 


3A11 


A3 C 


7 


22 


3 OE 


A2C 


8 


21 


3 A10 


A1C 


9 


20 


3 CE* 


AO C 


10 


19 


2 07 


ooc 


11 


18 


3 06 


oid 


12 


17 


3 05 


02 C 


13 


16 


3 04 


GNDC 


14 


15 


D 03 



CE < 

5T< 



AOC 
Al C 
A2C 
A3C 
A4C 
A5C 
A6C 
A7C 
A8C 
A9 C 

A10 c 
AllC 
/12C 
A13C 
A14C 



v P p gkd Y C q 

f ? ? . nm? ?r 



OE , CE 
CIRCUIT 



COLUMN 
DECODER 



OUTPUT BUFFERS 

i 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



512 



MEMORY CELL 
ARRAY 
32768x8bits 







IMODE SELECTION 




PIN names! 






^^-^ PIN 
MODE ^^^-^^ 


CE 
(20) 


OE 
(22) 


Vp P 
(1) 


VCC 
(28) 


00^07 
(11^13, 15vL9) 


POWER 


A0^A14 


Address Inputs 


00^ 07 


Outputs (Inputs) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


CE 


Chip Enable Input 


Output Deselect 


* 


H 


High Impedance 


OE 


Output Enable Input 


Standby 


H 


JU 


High Impedance 


Standby 


v PP 


Program Supply 
Voltage 


Program 


L 


H 


1) 
12.5V 

2) 
12.75V 


6v } 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


v C c 


Power Supply 
Voltage (+5V) 


Program Verify 


* 


L 


Data Out 




am 


Ground 


*: H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE H 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Vqc Power Supply Voltage 


-0.6*7.0 


V 


v PP 


Program Supply Voltage 


-0.6*14.0 


V 


VlN 


Input Voltage 


-0.6*7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6*7.0 


V 


Pd 


Power Dissipation 


1.5 


w 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 


T STG 


Storage Temperature 


-65^125 


°C 


T OPR 


Operating Temperature 


0*70 


°C 



READ OPERATION 



D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27256BD-15/20 


TMM27256BD-150/200 


Ta 


Operating Temperature 


0*70°C 


0*70°C 


v C c 


VcC Power Supply Voltage 


5V±5% 


5V±10% 


v PP 


Vpp Power Supply Voltage 


2.0*V C c+0.6V 


2.0*V C C+0.6V 



D.C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0 * Vcc 


- 


- 


±10 


yA 


lLO 


Output Leakage Current 


VquT^ ^^ V CC 


- 


- 


±10 


yA 


ZCCI 


Supply Current (Standby) 


CE=V IH 


-15/20 


- 


- 


30 


mA 


-150/200 


- 


- 


35 


ICC2 


Supply Current (Active) 


CE=V IL 


-15/20 


- 


- 


100 


mA 


-150/200 


- 


- 


120 


VlH 


Input High Voltage 


- 


2.0 


- 


Vcc+1.0 


V 


VIL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


V H 


Output High Voltage 


I OH =-400yA 


2.4 


- 


- 


V 


V 0L 


Output Low Voltage 


I 0L -2.1mA 


- 


- 


0.4 


V 


IPPI 


Vpp Current 


Vpp=0^ Vcc+O.6 


- 


- 


±10 


ViA 
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A.C. CHARACTERISTICS 



TMM27256BD-15, TMM27256BD-150 
TMM27256BD-20, TMM27256BD-200 



SYMBOL 


PARAMETER 


TMM27256BD-15/150 


TMM27256BD-20/200 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


t ACC 


Address Access Time 


- 


150 


- 


200 


ns 


t CE 


CE to Output Valid 


- 


150 


- 


200 


ns 


t OE 


OE" to Output Valid 


- 


70 


- 


70 


ns 


t DFl 


CI" to Output in High-Z 





60 





60 


ns 


t DF2 


5E to Output in High-Z 





60 


o. 


60 


ns 


t OH 


Output Data Hold Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and CL=100pF 

10ns Max. 

0. 45V ^ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE* (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT / 


ClN 


Input Capacitance 


Vin=0V 


- 


4 


6 


pF 


C OUT 


Output Capacitance 


V O UT=0V 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0 -Al 4 



CE 



OE 



O0-O7 



zx 




t< 












tCE 




DH 1 


mrn^ 


A 


'W////////////////, 












tDFl 










//, 








\\\\\\\\\\\\ 




l OE 


W//////////////////A 


MMm 


r- 




tACC 




| 

tDF2 






"* m 










WA 




HI® Z /^?\/ 


' DATA OUTPUT" " 


c HIGH Z 










DATA U UT Pur 


o 




} 
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TMNI27256BD-15, TMM27256BD-150 
TMWI27256BD-20, TMM27256BD-200 



PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V CC 


V CC Power Supply Voltage 


5.75 


6.0 


6.25 


V 


v PP 


V PP Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0^V CC 


- 


- 


±10 


yA 


V H 


Output High Voltage 


I H=-400pA 


2. A 


- 


- 


V 


V OL 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


I CC 


V CC Supply Current 


- 


- 


- 


120 


mA 


I P P2 


Vpp Supply Current 


V PP^13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, Vp P =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


ys 


C AH 


Address Hold Time 


- 


2 


- 


- 


Vs 


t CES 


CE Setup Time 


- 





- 


- 


ns 


C CEH 


CE Hold Time 


- 





- 


- 


ns 


^ES 


OE Setup Time 


- 


2 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


ys 


tDH 


Data Hold Time 


- 


2 


- 


- 


ys 


tVPS 


Vpp Setup Time 


- 


2 


- 


- 


ys 


^CS 


V CC Setup Time 


- 


2 


- 


- 


ys 


t PW 


Initial Program Pulse Width 


CE=V IL , OE=V IH 


0.95 


1.0 


1.05 


ms 


t OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


t OE 


OE to Output Valid 


CE=Vih 


- 


- 


150 


ns 


t DFP 


OE~ to Output in High-Z 


CE=V IH 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TMM27256BD-15, TIYIM27256BD-150 
TMM27256BD-20, TMM27256BD-200 



PR0GRAT4 OPERATION (HIGH SPEED PROGRAMMING MODE IE) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V IH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V CC 


Vqq Power Supply Voltage 


6.0 


6.25 


6.5 


V 


v PP 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5 c C, V C c*6.25V±0.25V, Vp P =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o * v cc 


- 


- 


±10 


yA 


V H 


Output High Voltage 


I OH =-A00yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


IOL^.lmA 


- 


- 


0.4 


V 


I cc 


V CC Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


V pp -13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*AS 


Address Setup Time 


- 


2 


- 


- 


ys 


tAH 


Address Hold Time 


- 


2 


- 


- 


ys 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


t OES 


OE Setup Time 


- 


2 


- 


- 


ys 


fc DS 


Data Setup Time 


- 


2 


- 


. 


ys 


t DH 


Data Hold Time 


- 


2 


- 


- 


ys 


fc VPS 


Vpp Setup Time 


- 


2 


- 


- 


ys 


t VCS 


V cc Setup Time 


- 


2 


- 


- 


ys 


t PW 


Program Pulse Width 


CE-V IL , 0E=V IH 


0.095 


0.1 


0.105 


ms 


t OE 


OE to Output Valid 


CE-V IH 


- 


- 


150 


ns 


C DFP 


OE to Output in High-Z 


CE=Vih 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 



• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TM1N27256BD-1S, TMM27256BB-150 
TMM27256«D-20, TMM27256B0-200 



TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 
HIGH SPEED PROGRAMMING MODE H (V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



A0-A14 




X 




X 






tpw 

1 as Tzr 


tAH 






\ 


"KJrvr 












CE 




1 


/ 


tCEH 




t CES 








tOES 






tDFP 




«m -m- 








-« 


OE~ 








t DH 


\ 


f 










tr 


S 




tOE 








/ 








/ 






D IN STABLE 


\ 


Dqut VALID ^— — — 






s 


2 


s 






















y 


i VFS 








V PP 






v C c 


/ 


*VCS 


PROCxRAM 


PROGRAM VERIFY 






-m m 



























Note 1. V"cc must be applied simultaneously or before V PP and cut off 
simultaneously or after V pp . 

2. Removing the device from socket and setting the device in socket 
with V pp =12.5V±0.5V or V PP =12.75V±0.25V may cause permanent damage 
to the device. 

3. The V PP supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V PP terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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TBIM2725eWH20, TMM27256BD-200 



ERASURE CHARACTERISTICS 

The TMM27256BD's erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (ultraviolet light intensity [w/cm2] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w sec/cm ] . 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [uw/cm 2 ] * (20x 60) [sec] a 15 [w-sec/cm 2 ] .) 

The TMM27256BD f s erasure begins to occur when exposed to light with wavelength shorter 
than 4000X. The sunlight and the flourescent lamps will include 3000^4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals-Toshiba EPROM Protect Seal AC901-are available. 



OPERATION INFORMATION 

The TMM27256BD f s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



^^~~~~~~ — — ____I>IN NAMES (NUMBER) 
MODE ~~~~~~~ ~— . 


CE 
(20) 


OE 
(22) 


V PP 
(1) 


vcc 

(28) 


00^07 
(11^13, 15^19) 


POWER 


Read Operation 
(Ta-0o,70°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


•k 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


12. SV 1 ^ 

2) 
12.75V 


6V 1 ) 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 



1) ; HIGH SPEED PROGRAMMING MODE I 
2); HIGH SPEED PROGRAMMING MODE II 



READ MODE 

The TMM27256BD has two control functions. The chip enable (CE) controls the operation 

power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 

Assuming that CE=0E=Vil, the output data is valid at the outputs after address access 

time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (t^c^) . 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 

outputs after tQE from the falling edge of OE. 
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TMM27256BD-15, TMM27256BD-150 
TMM27256BB-20, TNIM27256BD-200 



OUTPUT DESELECT MODE 

Assuming that CTE=Vih or OE=Vxh> the outputs will be in a high impedance state. 
So two or more TMM27256BD , s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27256BD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256BD is placed in the standby 

mode which reduce 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256BD are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The TMM27256BD is in the programming mode when the Vpp input is at 12.5V or 12.75V 

and CE is at TTL-Low level under 0E=Vi H . 

The TMM27256BD can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the pro- 
grammed bits. 
The verify is accomplished with OE at Vjl and CE" at Vjy or Vjl. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27256BD from being programmed. 
Programming of two or more TMM27256BD ! s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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TMM2725ef!H5, TiWI272S6iWiO 
TMM27256iD-20, TMI«272§6§D-2W 



HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vqq=6,0V and Vpp-12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 

pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with V cc =V pp =5V. 

HIGH SPEED PROGRAMMING MODE H 

The program time can be greatly decreased by using this high speed programming mode 

E. This high speed programming mode TL is performed at Vqc=6.25V and Vpp=12.75V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the 

CE input after addresses and data are stable. Then the programmed data is verified 

by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of O.lras is applied arid 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V cc =Vp P =5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



Q START J 



V cc = 6.0 ± 0.25 V 
V PP =1 2.5 ± 0.5 V 



ADDRESS 

= START ADDRESS 




X = 



PROGRAM :TPW=lms 



X = X + 1 




YES 



OVERPROGRAM 3Y »ULSES OF 1msec 
OR ONE PULSI ,!• 3 X msec DURATION 




( FAIL ) 



C PASS ) 
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TMM27^6BD-f 5, TWHHI2lf2S6BDf50 
TMWI27256RD-20^ TMM27256BB-2O0 



HIGH SPEED PROGRAMMING MODE H FLOW CHART 



( STAKT ~) 



V cc = 6.25 ± 0.25 V 
V PP = 1 2.75 ± 0.25 V 




PASS 



C 



FAIL 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27256BD which identifies 
its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27256BD by using this mode before program operation 'and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjfl. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM27256BD. 



^^"^\^ PINS 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 

(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 





1 





1 





1 








54 



Notes: A9=12V±0.5V 

Al'vAS, A10^A14, CE, 0E=V IL 
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OUTLINE DRAWINGS 



TMM27256WH5, TMM272S6BD-150 
THWI27258OT-20, TMM27256BD-200 



Unit in mm 



3 7.7 MAX. 





1 5.2 4 ±0.3 



^Jl +0.1 5 \\ 

TK- 0.2 5-0.10 U 



17.4 MAX. 



Note 2 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 

of their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



TMM27256BDM5, TMM27256BDI-20 



DESCRIPTION 



The TMM27256BDI is a 32,768 words x8 bits ultraviolet light erasable and electrically 

programmable read only memory. 

For read operation, the TMM27256BDI 's access time is 150ns/200ns, and the TMM27256BDI 

operates from a single 5-volt power supply and has low power standby mode which 

reduces the power dissipation without increasing access time. The standby mode is 

achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming 

mode. The TMM27256BDI is fabricated with the N-channel silicon double layer gate MOS 

technology. 



FEATURES | 








-15 j -20 


v cc 


5V±5% 


C ACC 


150ns 


200ns 


TCC2 


120mA 


I CC1 


35mA 



PIN CONNECTION 



vppc 


1 


J 28 


3 vcc 


A12C 


2 


27 


3 A14 


A7C 


3 


26 


DAI 3 


A6 C 


4 


25 


1 A8 


A5C 


5 


24 


I1A9 


A4C 


6 


23 


D All 


A3C 


7 


22 


DOE 


A2C 


8 


21 


3 A10 


AlC 


9 


20 


3 CE 


A0C 


10 


19 


3 07 


OOC 


11 


18 


3 06 


01 C 


12 


17 


3 05 


02 C 


13 


16 


3 04 


GNDC 


14 


15 


3 03 



PIN NAMES | 


AO^AIA 


Address Inputs 


00*07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


V PP 


Program Supply 
Voltage 


vcc 


Power Supply 
Voltage (+5V) 


GND 


Ground 



Wide operating temperature range -40 ^85°C 

Full static operation 

High speed programming mode I, II 

Inputs and outputs TTL compatible 

Pin compatible with i27256 

Standard 28 pin DIP cerdip package 



BLOCK DIAGRAM 



CEC 

OEC 

AOC 

Al C 

A2C 

A3 C 

A4 C 

A5< 

A6< 

A7C 

A8< 

A9C 

A10 C 

All C 

A12C 

A13C 

A14 < 



Vpp 

_L 



GND V cc 

? ? 



OE CE 
CIRCUIT 



00 01 02 03 04 05 06 07 

?????? f ? 



COLUMN 
DECODER 



OUTPUT BUFFERS 



64 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



512 



MEMORY CELL 
ARRAY 

32.768x8bits 



MODE SELECTION 



^^--^_ PIN 
MODE -— -^_ 


CE 
(20) 


OE 
(22) 


IR 


VCC 
(28) 


00 ^ 07 
(11^13, 15VL9) 


POWER 


Read 


L 


L 


5V 


5V 


Date Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


1) 
12.5V 

12.75V 


6^ 

2) 

6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



*: H or L 



1): 
2): 



HIGH SPEED PROGRAMMING MODE 
HIGH SPEED PROGRAMMING MODE 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V CC 


Vcc Power Supply Voltage 


-0.6 * 7.0 


V 


v PP 


Program Supply Voltage 


-0.6 ~ 14. 


V 


VlN 


Input Voltage 


-0.6 a, 7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6 ^ 7.0 


V 


?D 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature • Time 


260 -10 


°C.sec 


T STG 


Storage Temperature 


-65 ^125 


°C 


T OPR 


Operating Temperature 


-40 ^85 


°C 



READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27256BDI-12/20 


T a 


Operating Temperature 


-40 % 85°C 


V CC 


V CC ^ ower Supply Voltage 


5V±5% 


v PP 


Vpp Power Supply Voltage 


2.2 ^V CC +0.6V 



D.C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


v IN -o * V CC 


- 


- 


±10 


yA 


Ilo 


Output Leakage Current 


V OUT =0.4^V CC 


- 


- 


±10 


uA 


I CC1 


Supply Current (Standby) 


CE=Vih 


- 


- 


35 


mA 


I CC2 


Supply Current (Active) 


CE-Vi L 


- 


- 


120 


mA 


VlH 


Input High Voltage 


- 


2.2 


- 


Vcc+1-0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


IOH=-400uA 


2.4 


- 


- 


V 


V 0L 


Output Low Voltage 


IOL^-lniA 


- 


- 


0.4 


V 


^PI 


Vpp Current 


V pp =0 ^ Vcc+0 . 6 


- 


- 


±10 


UA 
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A.C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM27256BDI-15 


TMM27256BDI-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


150 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


70 


ns 


tDFl 


CE to Output in High-Z 





60 





60 


ns 


C DF2 


61" to Output in High-Z 





60 





60 


ns 


tQH 


Output Data Hold Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V^2.4V 

Inputs 0.8V and 2.0V, Ontputs 0.8V and 2.0V 



CAPACITANCE* (Ta=25°C, f«lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


CIN 


Input Capacitance 


Vin=0V 


- 


4 


6 


PF 


c 0UT 


Output Capacitance 


V UT = °V 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 

3CZ 



A0-A14 



CE 



OE 



O0-O7 



r CE 




UPC 



HIGH Z 




DATA OUTPUTS 



*DF2 



HIGH Z 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


Vil 


Input Low Voltage 


-0.3 


- 


0.8 


V 


vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


V PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


X LI 


Input Current 


V IN =0^V CC 


- 


- 


±10 


uA 


V OH 


Output High Voltage 


I OH =-400yA 


2.4 


- 


- 


V 


V OL 


Output Low Voltage 


T0L=2 . 1mA 


- 


- 


0.4 


V 


x cc 


Vcc Supply Current 


- 


- 


- 


120 


mA 


Ip P2 


Vpp Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25i 


■5*C, Vcc=6V±0.25V, 


Vpp=12. 


5V±0.5V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


US 


C AH 


Address Hold Time 


- 


2 


_ 


- 


ps 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


t OES 


OE Setup Time 


_ 


2 


- 


- 


us 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


C DH 


Data Hold Time 


_ 


2 


- 


- 


US 


tvps 


Vpp Setup Time 


- 


2 


- 


- 


US 


' C VCS 


Vcc Setup Time 


- 


2 


- 


- 


US 


C PW 


Initial Program Pulse Width 


CE=VIL, OE=VlH 


0.95 


1.0 


1.05 


ms 


t OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


t OE 


OE to Output Valid 


CE=Vir 


- 


- 


150 


ns 


tDFP 


OE to Output in High-Z 


CE-V IH 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 



- H-20 - 



TMM27256BDM5, TMM27256BDI-20 



PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE IE) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP, 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


vcc 


Vqq Power Supply Voltage 


6.0 


6.25 


6.5 


V 


V PP 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*LI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


yA 


V H 


Output High Voltage 


IOH^OOyA 


2. A 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I cc 


Vqq Supply Current 


- 


- 


- 


120 


mA 


IPP2 


Vpp Supply Current 


Vp P =13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6.25V±0.25v, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C AS 


Address Setup Time 


_ 


2 


- 


- 


ys 


tAH 


Address Hold Time 


- 


2 


- 


- 


ys 


tCES 


CE Setup Time 


- 





- 


- 


ns 


C CEH 


CE Hold Time 


- 





- 


- 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


ys 


C DS 


Data Setup Time 


- 


2 


- 


- 


ys 


C DH 


Data Hold Time 


- 


2 


- 


- 


ys 


t VPS 


Vpp Setup Time 


- 


2 


- 


- 


ys 


tvcs 


Mqq Setup Time 


- 


2 


- 


- 


ys 


C PW 


Program Pulse Width 


CE=V IL , OE=V IH 


0.095 


0.1 


0.105 


ms 


tOE 


OE to Output Valid 


CE-Vih 


- 


- 


150 


ns 


C DFP 


OE to Output in High-Z 


CE=Vih 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V ^ 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 



HIGH SPEED PROGRAMMING MODE I (V C c=6V±0. 25V, V pp =12 .5V±0. 5V) 
HIGH SPEED PROGRAMMING MODE n (V cc =6. 25V±0. 25V, V pp =12 ,75V±0.25V) 



A0-A14 



CE 



O0-O7 



V CC 




Note 1. V-q must be applied simultaneously or before V pp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with V pp =l2.5V 0.5V or V pp =12.75V 0.25V may cause permanent damage 
to the device. 

3. The V PP supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V pp terminal. 
When the switching pulse voltage is applied to the V PP terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27256BDI 's erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [yw/cm 2 ] x (20 x 60) [sec] =15 [w sec/cm 2 ]. ) 

The TMM27256BDI 's erasure begins to occur when exposed to light with wavelength shorter 
than 400QA. The sunlight and the florescent lamps will include 3000^4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals- -Toshiba EPROM Protect Seal AC901- are available. 

OPERATION INFORMATION 



The TMM27256BDI 's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



~— ~--_J?INNAMES (NUMBER) 


CE 
(20) 


0E 
(22) 


V P p 
(1) 


vcc 

(28) 


00^07 
(11 ^13, 15 ^19) 


POWER 


Read Operation 
(Ta-0 ^70°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


12. 5V 1 ) 
12.75V* 


6V 1 ) 

2) 
6.25/ 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note; H; V IH , L; V IL , *; Vir or V IL 



1) ; HIGH SPEED PROGRAMMING MODE I 
2) ; HIGH SPEED PROGRAMMING MODE II 



READ MODE 

The TMM27256BDI has two control functions. The chip enable (CE) controls the operation 

power and should be_used for device selection., 

The output enable _(0E) controls the output buffers, independent of device selection. 

Assuming that CE=0E=\ t xl, the output data is valid at the outputs after address access 

time from stabilizing of all addresses. 

The CE to output^ valid (t^) is equal to the address access time (t^cc) • 

Assuming that CE=Vjl and all addresses are valid, the output data is valid at the 

outputs after tQE fro ^ the falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming that CE=Vjh or OE=Vijj, the outputs will be in a high impedance state. 

So two or more TMM27256BDI' s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in a low power 

standby mode. 

STANDBY MODE 

The TMM27256BDI has a low power standby mode controlled by the CE signal. 

By applying a high level to the CF input, the TMM27256BDI is placed in the standby 

mode which reduce 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256BDI are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The TMM27256BDI is in the programming mode when the Vpp input is at 12.5V or 12.75V 

and CE is at TTL-Low level under OE=Vxh- 

The TMM27256BDI can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check if desired data is correctly porgrammed on the pro- 
grammed bits. 
The verify is accomplished with OE at Vjx abd CE at Vjjj or Vjl* 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27256BDI from being programmed. 
Programming of two or more TMM27256BDI f s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vq^=6.0V and Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 

pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with VccrVpp^V. 

HIGH SPEED PROGRAMMING MODE II 

The program time can be greatly decreased by using this high speed programming mode 

II. This high speed programming mode II is performed at Vcc~6.25V and Vpp=12.75V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the 

CE input after addresses and data are stable. Then the programmed data is verified 

by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 

and then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with Vcc=Vpp=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 

Q START J 



ADDRESS 

= NEXT ADDRESS ' 



V CC = 6.0 ± 0.2 5 V 
V PP = 1 2.5 ± 0.5 V 



I 



ADDRESS 

- START ADDRESS 






X = 














1 


PROGRAM: TPW=lms 




1 






X = X + 1 





NG 




YES 



OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3 X msec DURATION 



NO 




C PASSJ 
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HIGH SPEED PROGRAMMING MODE E FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



NG 



NO 



C START ") 



V cc = 625 ±0.25 V 
V pp = 12.75 ±0.25 V 



ADDRESS 

= START ADDRESS 



X = 



PROGRAM : TPW= 0. 1 ms 



X=X+1 




YES 



V CC =5.0V 
V PP = 5.0 V 




C PASS ) f 



FAIL 



D 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27256BDI which identifies 
its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27256BDI by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to V"il in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjh. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM27256BDI. 



^""^\^^ PINS 

s ignatureT^-^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(ID 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VIH 





1 





1 





1 








54 



Notes: A9=12V±0.5V 

A1^A8, AIO'VAIA, CE, 0E=V IL 
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OUTLINE DRAWINGS 



Unit in mm 



3 7.7 MAX. 




oo 

+ I 



L^S 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 

of their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TC57256AD-120, TC57256AD-12 
TC57256AD-150 



The TC57256AD is a 32,768 word x 8 bit CMOS ultraviolet light erasable and electri- 
cally programmable read only memory. For read operation, the TC57256AD f s access time 
is 120ns, and the TC57256AD operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 30mA/8.3MHz and standby 
current to 100uA. For program operation, the programming is achieved by using the 
high speed programming mode. For program operation, the programming is achieved by 
using high speed programming mode. TC57256AD is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MOS technology. 



FEATURES 



Peripheral circuit: CMOS 
Memory cell : N-MOS 





-12 


-120 -150 


vcc 


5V±5% 


5V±10% 


t kCC 


120ns 


120ns | 150ns 



Full static operation 

High speed programming mode 

Inputs and outputs TTL compatible 

Pin compatible with ROM TC53257P, TMM23256P, 

TMM27256AD and TC57256D 
Standard 28 pin DIP cerdip package 



Single 5V power supply 



I BLOCK DIAGRAM! 



1 PIN CONNECTION! (TOP VIEW) 



VppC 1 

A12C 2 
A7C 3 
A6C 4 
A5C 5 
A4C 6 
A3C7 
A2C 8 
AlC 9 
AOC 10 
00C 11 
01C 12 
02C 13 

ONDC 14 



28DV CC 
27 JA14 
26 3A13 
25 3A8 
24 3A9 
23DA11 
22 35E 
21 3A10 
20 3^1 
19 D 07 
18D 06 
17D05 
16DQ4 
15 303 



CT<: 

A0 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 
AlC 
All 
A12 
A13 
A14 



Vpp OND V cc 00 01 02 03 04 05 06 07 

? ? ? . ?nn?n 



o— 


OH 


CT 
:ircuit 






OUTPUT BUTTERS 




1 




| 






1 


c— 


03 

PS 
153 

CD 

CO 
CO 

ea 

(X 

o 
p 
< 


6 


COLUMN 
DECODER 


64 


COLUMN I/O 
CIRCUIT 


— 

o— 






c— 

— 










t 




— 
0— 


9 


ROW 

DECODER 


512 


MEMORY CELL 

ARRAY 
32,768X8Mte 


o— 






o— 
o— 

















PIN NAMES 



MODE SELECTION! 



A0*A14 



00*07 



CE 



OE 



Vpp 



VCC 



GND 



Address Inputs 



Outputs (Inputs) 



Chip Enable Input 



Output Enable Input 



Program Supply 
Voltage 



VCC Supply Voltage 
(+5V) 



Ground 



PIN 



MODE 



Read 



Output Deselect 



Standby 



Program 



Program Inhibit 



Program Verify 



Cf 
(20) 



OE 
(22) 



vpp 

(1) 



5V 



— IT 

12.5V 
2) 
112.75V 6 



vcc 

(28) 



5V 



H7 

6V 
2) 
25A 



00 *07 
(11*13,15*19) 



Data Out 



High Impedance 



High Impedance 



Data In 



* H or L !); HIGH SPEED PROGRAM MODE I, 
2): HIGH SPEED PROGRAM MODE H 



High Impedance 
Data Out 



POWER 



Active 



Standby 



Active 
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I MAXIMUM RATINGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


V CC Power Supply Voltage 


-0.6*7.0 


V 


V P p 


Program Supply Voltage 


-0.6*14.0 


V 


VlN 


Input Voltage 


-0.6 *7.0 


V 


V I/0 


Input /Output Voltage 


-0,6 <\,V cc +0.5 


V 


?D 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature . Time 


260 • 10 


°C • sec 


TSTG 


Storage Temperature 


-65*125 


Q C 


T OPR 


Operating Temperature 


0*70 


°C 



IREAD OPERATION 



D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC57256AD-12 


TC57256AD-120/150 


Ta 


Operating Temperature 


0*70°C 


0*70°C 


v C c 


Vcc Power Supply Voltage 


5V±5% 


5V±10% 


v PP 


Vpp Power Supply Voltage 


V CC -0.6V *V CC +0.6V 


V CC -0.6V*V CC +0.6V 



D.C. AND 


OPERATING CHARACTERISTICS 














SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0 ^ V cc 


- 


- 


±10 


PA 


ILO 


Output Leakage Current 


Vout^O-^VcC 


- 


- 


±10 


yA 


I CC01 


Operating Current 


CE=0V 
iQUI'^OmA 


f=8.3MHz 


- 


- 


30 


mA 


I CC02 


f-lMHz 


- 


- 


15 


I CCS1 


Standby Current 


CE-Vih 


- 


- 


1 


mA 


I CCS2 


CE=V CC -0.2V 


- 


- 


100 


yA 


VlH 


Input High Voltage 


- 


2.2 


- 


Vcc+0.3 


V 


VlL 


Output Low Voltage 


- 


-0.3 


- 


0.8 


V 


V 0H 


Output High Voltage 


IOH^-^OOuA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I L as 2.1mA 


- 


- 


0.4 


V 


^Pl 


Vpp Current 


Vpp=Vcc-0 • 6 * Vcc+0 . 6 


- 


- 


±10 


yA 
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A.C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57256AD-120/12 


TC57256AD-150 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=SE«Vil 


- 


120 


- 


150 


ns 


t CE 


CE to Output Valid 


0E-V IL 


- 


120 


- 


150 


ns 


t OE 


Sf to Output Valid 


C¥*v IL 


- 


60 


- 


70 


ns 


Z DT1 


CE to Output in High-Z 


^E»Vil 





50 





60 


ns 


t DF2 


UE to Output in High-Z 


CE«Vil 





50 





60 


ns 


fc OH 


Output Data Hold Time 


£e=oe=v il 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L »100pF 

10ns Max. 

0.45W2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE *(Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


Vm-OV 


- 


4 


6 


pF 


COUT 


Output Capacitance 


V OUT =0V 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



CE 
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I HIGH SPEED PROGRAM MODE I [ 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V CC Power Supply Voltage 


5.75 


6.0 


6.25 


V 


v PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13 .-0 


V 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta- 


25±5°C, V CC -6V±0 


.25V, V 


PP =12.5V±0.5V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


V IN «0 'vVcc 


- 


- 


±10 


PA 


VOH 


Output High Voltage 


I OH =-400yA 


2. A 


- 


- 


V 


Vol 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


I cc 


Vcc Supply Current 


- 


- 


- 


30 


mA 


I PP2 


Vpp Supply Current 


Vpp-13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC-6V10.25V, V PP 


=12.5V±0.5V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


ys 


fc AH 


Address Hold Time 


- 


2 


- 


- 


ys 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


MS 


fc DS 


Data Setup Time 


- 


2 


- 


- 


US 


tDH 


Data Hold Time 


- 


2 


- 


- 


ys 


tVPS 


Vpp Setup Time 


- 


2 


- 


- 


ys 


t VCS 


V cc Setup Time 


- 


2 


- 


- 


ys 


tpW 


Initial Program Pulse Width 


CE»V IL , 0E=V IH 


0.95 


1 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


t OE 


OE to Output Valid 


SE=V IH 


- 


- 


100 


ns 


tDFP 


OE to Output in High-Z 


CE»V IH 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Ci/lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V ^ 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overpgoram pulse may vary as a function of the counter 
value X. 
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D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 




V IH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 




VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 




v C c 


V cc Power Supply Voltage 


6.00 


6.25 


6.50 


V 




Vpp 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 


V 




D.C. AND 


OPERATING CHARACTERISTICS (Ta«25±5°C, V CC -6.25±0.25V, V PP « 


12.75±0.25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN -0^V C c 


- 


- 


±10 


UA 


VOH 


Output High Voltage 


ioir-400yA 


2. A 


- 


- 


V 


vol 


Output Low Voltage 


XQj j »2.1mA 


- 


- 


0.4 


V 


ice 


Vcc Su PPly Current 


- 


- 


- 


30 


mA 


IPP2 


Vpp Supply Current 


V PP «13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 


A.C. PROG 


RAMMING CHARACTERISTICS (Ta« 


=25±5°C, V CC =6.25±0.25V, V PP =12 


.75±0.25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


US 


t AE 


Address Hold Time 


- 


2 


- 


- 


PS 


tCES 


CE" Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


C DH 


Data Hold Time 


- 


2 


- 


- 


yS 


t VPS 


Vpp Setup Time 


- 


2 


- 


- 


us 


t VCS 


Vcc Setup Time 


- 


2 


- 


- 


us 


fc PW 


Program Pulse Width 


CE»V IL , OE*V IH 


0.095 


0.1 


0.105 


ms 


c OE 


OE to Output Valid 


CE=V IH 


- 


- 


100 


ns 


tDFP 


OE to Output in High-Z 


CE«V IH 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (V CC -6V±0.25V, V PP =12.5V±0.5V) 
HIGH SPEED PROGRAM MODE II (V CC =6.25V±0.25V, V PP «12.75V±0.25V) 



cf 



of 



Vpp 




Note 1. Vqq must be applied simultaneously or before V PP and cut off simultaneously 
or after V P p. 

2. Removing the device from socket and setting the device in socket with 
V pp =12.5V (12.75V) may cause permanent damage to the device. 

3. The V pp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V PP terminal. 
When the switching pulse voltage is applied to the"V pp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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I ERASURE CHARACTERISTICS] 

The TC57256AD , s erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then intergrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis- 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [pw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [pw/cm 2 ] x (20x60) [sec]si5 [wsec/cm 2 ] .) 

The TC57256AD f s erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the f lourescent lamps will include 3000 % 4000& wave- 
length components. Therefore when used under such lighting for extended periods of 
time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 



[OPERATION INFORMATION! 



The TC57256AD , s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



"~~" ■ ^__PINNAMES (NUMBER) 

MODE "" "^ — -~^ ___ 


(20) 


of 

(22) 


Vpp 
(1) 


vcc 

(28) 


00^07 
(11^13, 15^19) 


POWER 


Read Operation 
(Ta=0^70°C) 


Read 


L 


L 


5V 


5V 

\ 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta-25±5°C) 


Program 


L 


H 


1) 
12.5V 

1 2) 
L2.75V 


1) 
6V 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



TT TT T TT * XT TT ^ HIGH SPEED PROGRAM MODE I 

Note: H; V IH , L; V IL , *; V IH or V IL , 2) . HJGH SpEED PR0GRAM M0DE n 



1READ MQDEl 

The TC57256AD has two control functions. The chip enable (CI) controls the operation 

power and should be used for device selection. 

The output enable (01) control the output buffers, independent of device selection. 

Assuming that Cf^OE-ViL, the output data is valid at the outputs after address access 

time from stabilizing of all addresses. 

The CE to output valid (t^) is equal to the address access time (t^cc) • 

Assuming that CT-^Vil and all addresses are valid, the output data is valid at the 

outputs after tQE fro m the falling edge of 5E. 



[OUTPUT DESELECT MODE 



Assuming that CI^Vjh or 0E=Vih, the outputs will be in a high impedance state. 
So two or more TC57256AD f s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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[STANDBY MODE] 

The TC57256AD has a low power standby mode controlled by the CF signal. 
By applying a high level to the CE" input, the TC57256AD is placed in the standby 
mode which reduce the operating current to lOOpA by applying MOS-high level (Vqc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC57256AD are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is 

at TTL-Low under OE^Vjh. 

The TC57256AD can be programmed any location at any time either individually, 

sequentially, or at random. 



[PROGRAM VERIFY MQDEl 

The verify mode is to check that desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE at Vjl. 



[PROGRAM INHIBIT MODE] 



Under the condition that_the program voltage (+12. 5V or +12. 75V) is applied to V PP 
terminal, a high level CE input inhibits the TC57256AD from being programmed. 
Programming of two or more TC57256AD ? s in parallel with different data is easily 
accomplished. That is, all inputs except for CE" and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 



[HIGH SPEED PROGRAM MODE II 



The program time can be greatly decreased by using this high speed programming mode. 

The device is set up is the high speed programming mode when the programming 

voltage (+12. 5V) is applied to the V pp terminal with V CC =6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the 

CE input after addresses and data are stable. Then the programmed data is verified 

by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse 

with width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with Vcc*V PP =5V. 
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TC57256AIM20, TG57256AD-12 
TC57256AD-150 



[HIGH SPEED PROGRAM MODE III 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the V pp terminal with V CC «6.25V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the (?E 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then programmed data is verified. This should be repeated until the program operates 

correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V CC =V PP =*5V. 
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TC57256AD-120, TC57256AD-12 
TC57256AD-150 



[HIGH SPPED PROGRAM MODE II 
FLOW CHART 



ADDRESS = 
NEXT ADDRESS 






X = 
















PROGRAM line PULSE 




i 






X=X + 1 






YES 



OVERPROGRAM 3X PULSES OP 1 msec 
OR ONE PULSE OF 3X msec DURATION 




VCC = 5.0 V 
Vpp = 5.0V 




READ "^n^ NG 
^ALL BYTE^. 



"C 



PAIL 



c 
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TC572iWB420, /TC87258JUM2 
TC57256AIM50 



HIGH SPEED PROGRAM MODE H 



FLOW CHART 



( START J 



V cc = &25±Ci25V 
Vpp = 1^75±a25V 



ADDRESS 

= START ADDRESS 



X = 



PROGRAM : TPW = aims 

I 
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TC57256AD-120, TC57256AD-12 
TC57256AD-150 



ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC57256AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57256AD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vj L in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vj£. These two codes possess an odd parity with the parity bit of MSB (07) . 
The following table shows electric signature of TC57256AD. 



^"^-^^^^ PINS 
S IGNATURE^^^--^_ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(ID 


HEX, 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


ViH 


1 


1 











1 








C4 



Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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[OUTLINE DRAMINGSl 



TC 5 7 256 AD- 120, TC57256AD-12 
TC57256AD-150 



Unit in mm 



RO.64 



^ 



28 27 26 2524 23222120 



8 9TYP. 



19 18 17 16 15 



R10Q0 



1 2 34 5 6 7 8 9 ID 11 12 13 14 



«*■ 1 — 




-mm 

^ 2.54±0.25 

c? ~~ ~ 
"3 


nmf 

3-3±Q25 
+0.15 

a46~aio 



1&24±Q3 



"^0.25-010 

17.4 MAX. 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No. 28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC57256AD-15, TC5725BAD-20 



i DESCRIPTION! 

The TC57256AD is a 32,768 word * 8 bit CMOS ultraviolet light erasable and electri- 
cally programmable read only memory. For read operation, the TC57256AD f s access time 
is 150ns, and the TC57256AD operates from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high level signal to the CE input. Advanced 
CMOS technology reduces the maximum active current to 30mA/6.7MHz and standby current 
to 100p A. For program operation, the programming is achieved by using the high speed 
programming mode. For program operation, the programming is achieved by using high 
speed programming mode. TC57256AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MOS technology. 



1FEATURESI 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 

Active : 30mA/6.7MHz 
Standby: lOOvA 

• Fast access time: 

TC57256AD-15 i50ns 
TC57256AD-20 200ns 



[PIN CONNECTION! (TOP VIEW) 



V P pC3 
A12C 2 
A7C 3 
A6C 4 
A5C 5 
A4C 6 
A3C 7 

A2C a 

AlC 9 
AOC 10 
O0C 11 
01 C 12 



GNDC 



23 3 V CC 
27 3 A14 
26 3 A13 
25 3 A8 

24 3 A9 
233 All 
22 3 OE 
213 A10 
20 3 Cl 
19 3 07 
18 3 06 
17 3 05 
16 3 04 
15 3 03 



Single 5V power supply 

Full static operation 

High speed programming mode 

Inputs and outputs TTL compatible 

Pin compatible with ROM TC53257P, 

TMM23256P, TMM27256AD and TC57256D 
Standard 28 pin DIP cerdip package 



1BL0CK DIAGRAM 





Vpp 


OND V CC 

? ? 




00 01 02 03 04 05 06 07 


OEO — 

CEO — 


qe~ err 

CIRCUIT 




OUTPUT BUFFERS 




1 




1 








AOO — 


GO 

s 

% 
O 
zo 

CO 

Q 


6 


COLUMN 
DECODER 








Al — 


64 


COLUMN I/O 
CIRCUIT 


A2 O — 
A3 — 




A4 — 
A5 — 














A6 O — 
A7 O — 
A8 O— 


9 


ROW 
DECODER 


512 


MEMORY CELL 

ARRAY 
32,768X8bite 


A9 

AlOO— 
AllO— 


* 




A12 — 
A13 0— 
AI40 

















PIN NAMES 1 


MODE SELECTIONl 














A(KA14 


Address Inputs 


^--^^ PIN 
MODE ^^~^-~^_ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


vec 

(28) 


00^07 
(11^13, 15*19) 


POWER 


00^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


32 


Output Enable Input 


Output Deselect 


* 


H 


High Impedance 


Vpp 


Program Supply 
Voltage 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


vec 


V CC Supply Voltage 
(+5V) 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 


GND 


Ground 


* H or L 
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TC57256AD-15, TC57256AD-20 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


VCC Power Supply Voltage 


-0.6% 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6% 14.0 


V 


VlN 


Input Voltage 


-0.6% 7.0 


V 


Vl/O 


Input /Output Voltage 


-0.6% Vcc+0.5 


V 


Pd 


Power Dissipation 


1.5 


W 


TSOLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


T STRG 


Storage Temperature 


-65^ 125 


°C 


TOPR 


Operating Temperature 


-40 % 85 


°C 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


V C C +0.3 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 • 


vcc 


Vcc Power Supply Voltage 


A. 75 


5.00 


5.25 


Vpp 


Vpp Power Supply Voltage 


Vcc-0.6 


vcc 


V cc +0.6 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta— 40% 85°C, V C C 


=5V± 5%) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0V%V C c 


- 


- 


±10 


PA 


iccoi 


Operating Current 


CE=0V 
I OUT «0mA 


f=6.7MHz 


- 


- 


30 


mA 


T CC02 


f-lMHz 


- 


- 


10 


X CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


I CCS2 


CE-V CC -0.2V 


- 


- 


100 


VJA 


VOH 


Output High Voltage 


IOH^OOpA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2 . 1mA 


- 


- 


0.4 


V 


l ??i 


Vqq Current 


V PP =V CC + 0.6 V 


- 


- 


no 


pA 


lLO 


Output Leakage Current 


VoUT=0.4V% V C C 


- 


- 


±10 


UA 
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TC57256AD-15, TC57256AD-20 



A.C. CHARACTERISTICS (Ta=-40 ^ 85°C, V CC =5V±5%, V PP «V CC ±0.6V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57256AD-15 | TC57256AD-20 


UNIT 


MIN. 


MAX. | MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=V IL 


- 


150 | - 


200 


ns 


t CE 


CE to Output Valid 


OE=V IL 


- 


150 | - 


200 


^E 


OE to Output Valid 


CE=VIL 


- 


70 


70 


l DTl 


CE to Output in High-Z 


OE=V IL 





60 | 


60 


t-VTl 


OE to Output in High-Z 


CE=V IL 





60 | 


60 


tQH 


Output Data Hold Time 


CE«E=V IL 





• - | 


- 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 



1 TTL Gate and C L =100pF 
10ns Max. 
0.45V^2.4V 



Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE *(Ta=25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIX. | TY?. 


MAX. 


UNIT 


ClX 


Input Capacitance 


V IN =0V | - 4 | 6 


pF 


C 0UT 


Output Capacitance 


V UT=OV 


| 8 | 12 



This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



IX 



^ \\ 



M: 



t ACC 



K 





DATA OUTPUTS 



M 
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TC57256AD-15, TC57256AD-20 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


vcc 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


vpp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 



D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6V ± 0.25V, V PP =12.5V ± 0.5V) 



SYMBOL 


PARAMETER 


TESTCONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vi N =0^ Vcc 


- 


~ 


±10 


PA 


VOH 


Output High Voltage 


I O H=-^00yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I L=2.1mA 


- 


- 


0.4 


V 


ice 


Vcc Supply Current 


- 


- 


- 


40 


mA 


IPP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc^V ± 0.25V, V PP =12.5V ± 0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


C AH 


Address Hold Time 


- 


2 


- 


- 


US 


tCES 


CE. Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


us 


tDS 


Data Setup Time 


- 


2 


- 


- 


US 


tDH 


Data Hold Time 


- 


2 


- 


- 


US 


tVPS 


Vpp Setup Time 


- 


2 


- 


- 


us 


tves 


Vcc Setup Time 


- 


2 


- 


- 


US 


tpw 


Initial Program Pulse Width 


CE=V IL , OE=V IH 


0.95 


1 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


c OE 


OE to Output Valid 


CE=V IH 


- 


- 


150 


ns 


tDFP 


OE to Output in High-Z 


CE=V IH 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TIMING WAVEFORMS (PROGRAM) 

(V CC =6V±0.25V, V pp =12.5V±0.5V) 



TC57256AD-15, TC57256AD-20 



AO — 14 




Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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TC57256AD-15, TC57256AD-20 



ERASURE CHARACTERISTICS! 



The TC57256AP f s erasure is achieved by applying shortwave ultraviolet light which has 

a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then intergrated does (ultraviolet light intensity [w/ cm 2 ] * exposure time [sec.]) for 

erasure should be a minimum of 15 [w • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 

distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm 2 ] will 

reduce the exposure time to about 20 minutes. (In this case, the integrated does is 

12000 [yw/cm 2 ] x (20* 60) [sec]*15 [w • sec/cm 2 ] .) 

The TC57256AD f s erasure begins to occur when exposed to light with wavelength shorter 

than 4000A. The sunlight and the flourescent lamps will include 3000^4000A 

wavelength components. Therefore when used under such lighting for extended periods 

of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 



OPERATION INFORMATION 



The TC57256AD T s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



" ~~~- — ^-___PIN NAMES (NUMBER) 
MODE — - — ^____^ 


CE 
(20) 


OE 
(22) 


V PP 
(I) 


vcc 

(28) 


Oo ^07 
(11 ^ 13, 15^ 19) 


POWER 


Read Operation 
(Ta=-40^ 85°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25± 5°C) 


Program 


L 


H 


12.5V 


6V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V 



IL 



[READ MODE) 

The TC57256AD has two control functions. The chip enable (CE) controls the operation 

power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 

Assuming that CE=0E=Vjl, the output data is valid at the outputs after address 

access time from stabilizing of all addresses. 

The CE to output valid ( t CE) is equal to the address access time ( t ACC) • 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 

outputs after t QE from the falling edge of OE. 



[OUTPUT DESELECT MODEl 

Assuming that CE=Vjh or 0E=Vjh, the outputs will be in a high impedance state. 
So two or more TC57256AD f s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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TC57256AD-15, TC57256AD-20 



STANDBY MODE! 



The TC57256AD has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE* input, the TC57256AD is placed in the standby 
mode which reduce the operating current to lOOuA by applying MOS-high level (Vqq) 
and then the outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits, of the TC57256AD are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is 

at TTL-Low under OE=V IH . 

The TC57256AD can be programmed any location at any time either individually, 

sequentially, or at random. 



PROGRAM VERIFY MODE 



The verify mode is to check that desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE at Vj^. 



Under the condition that the program voltage •( + 12. 5V) is applied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being programmed. 
Programming of two or more TC57256AD's in parallel with different data is easily 
accomplished. That is, all inputs except for Cl and OE may be commonly connected, 
and a TTL lox<r level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAMMING M0DE| 



The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the program- 
ming voltage (+12. 5V) is applied to the Vpp terminal with Vqc-6V. 
The programming is achieved by applying a single TTL low level 1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times) 

After correctly programming the selected address, the additional program pulse 
with width of 3 times more than that needed for initial programming is applied. 
When programming has been completed, the data in all addresses should be verified 
with Vcc = Vpp=5V. 
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TC57256AD-15, TC57256AD-20 



HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = 
NEXT ADDRESS 



C START 


) 


l 


ADDRESS « 
START ADDRESS 


i 


V C0 -6V 


\ 


Vpp- 12.5 V 






X = 






















PROGRAM 1ms PULSE 








f 








X-X-rl 






! 


YES 


NG 




<L VEE 


'NO 







OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 
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TG57256AD-15, TC57256AD-20 



ELECTRIC SIGNATURE MODE 



Electirc signature mode allows to read out a code from TC57256AD which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TC57256AD by using this mode before program operation and automatically set 

program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 

rest of address lines is set to Vil in read operation. Data output in this 

conditions is manufacturer code. Device code is identified when address AO is set 

to V IH . These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electirc signature of TC57256AD. 



^"^-^^^ PINS 
S I GN ATURE^"^-^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(11) 


HEX. 
DATA 


Manufacture Code 


V IL 


1 








1 


1 











98 


Device Code 


Vih 


1 


1 











1 








C4 



Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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TC57256AD-15, TC57256AD-20 



OUTLINE DRAWINGS 



Unit in mm 



3 77 MAX. 



8. 9TYP. 



28 27 26 25 24 23 22 21 2C 19 18 17 16 15 



b- 




RIOO. O 



1 2 3 4 5 6 78 9 10 111213 14 




15.2 4 ±0.3 



+ 0.15 
2 5 - 0.1 



Note 1 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No. 28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 



bits ultraviolet light erasable and electri- 



The TMM27 512AD is a 65,536 words: 
cally programmable read only memory. 

For read operation, the TMM27512AD f s access time is 170ns/200ns/250ns, and the 
TMM27512AD. operates from a single 5-volt power supply and has low power standby mode 
which reduces the power dissipation without increasing access time. The standby mode 
is achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming 
mode. The TMM27512AD is fabricated with the N-channel silicon double layer gate MOS 
technology. 



FEATURES | 












-17 


-20 


-25 


-200 


-250 


Vcc 


5V±5% 


5V±10% 


tACC 


170ns 


200ns 


250ns 


200ns 


250ns 


I CC2 


120mA 


130mA 


I CC1 


35mA 


40mA 



Full static operation 
High speed programming mode I, II 
Inputs and outputs TTL compatible 
Pin compatible with 127512 
Standard 28 pin DIP cerdip package 



BLOCK DIAGRAM 



PIN CONNECTION 



V PP GND V CC 00 01 02 03 04 05 06 07 

-f ¥ ? . ?nmn 



A15 C 
A 12 C 


1 
2 


28 
27 


I] V CC 
3 A14 


A 7 C 


3 


26 


3A13 


A5 C 
A5 C 
A4 C 


4 
5 
6 


25 
24 

23 


3 A8 
3 A9 
3 All 


A3 C 

A2 C 
Al C 


7 
8 
9 


22 
21 
20 


3 Ol/Vpp 
3 A10 

3cT 


A0 C 


10 


19 


3 07 


oo C 


11 


18 


3 06 


oi c 


12 


17 


3 05 


02 C 


13 


16 


3 04 


GND C 


14 


15 


3 03 



0EO-L- 
CEO 


OE 


CE 
CIRCUIT 




OUTPUT BUFFERS 




I 




1 




64 


\ 


AOO 

A10 

A2 


to 
p 

CO 
CO 

a 
K 

p 


6 


COLUMN 
DECODER 


COLUMN I/O 
CIRCUIT 




1,024 


A3 

A4 

A5 










i 


A6 

A7 

A8 ■ 


10 


ROW 

DECODER 


MEMORY CELL 

ARRAY 
65,536 * 8bits 


A90 

A10O 






All 

A12 

A13 

A14 

A15o 















PIN NAMES | 


A0^A15 


Address Inputs 


00^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE/Vpp 


Output /Program 
Enable / Supply 
Input/ Voltage 


v C c 


Power Supply 
Voltage (+5V) 


GND 


Ground 



MODE SELECTION 



^^^-^ PIN 

MODE ^^--^_ 


CE 
(20) 


OE/Vpp 
(22) 


vcc 

(28) 


00^07 
(11^13, 15^ 19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


•k 


High Impedance 


Standby 


Program 


L 


Vpp 


6vD 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



H or L 



1): 
2): 



HIGH SPEED PROGRAMMING MODE I 
HIGH SPEED PROGRAMMING MODE II 



- H-55 ■ 



TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V CC 


Vqq Power Supply Voltage 


-0.6 ^ 7.0 


V 


vpp 


Program Supply Voltage 


-0.6 ^ 14.0 


V 


VlN 


Input Voltage 


-0.6 ^ 7.0 


V 


V l/0 


Input/Output Voltage 


-0.6 ^ 7.0 


V 


Pd 


Power Dissipation 


1.5 


w 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


T STG 


Storage Temperature 


-65 % 125 


°C 


T OPR 


Operating Temperature 


^ 70 


°C 



READ OPERATION 

DC AND AC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27512AD-17/20/25 


TMM27512AD-200/250 


Ta 


Operating Temperature 


^ 70°C 


% 70°C 


v C c 


V CC Power Supply Voltage 


5V±5% 


5V±10% 



DC AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


v IN =o ^ v cc 


- 


- 


±10 


yA 


Ilo 


Output Leakage Current 


V()UT =0 «4^ V CC 


- 


- 


±10 


yA 


I CC1 


Supply Current (Standby) 


CE=V IH 


-17/20/25 


- 


- 


35 


mA 


-200/250 


- 


- 


40 


X CC2 


Supply Current (Active) 


CE=V IL 


-17/20/25 


- 


- 


120 


mA 


-200/250 


- 


- 


130 


VlH 


Input High Voltage 


- 


2.0 


- 


V CC+1.0 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


V H 


Output High Voltage 


IOlT-^OOuA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I PP1 


Vpp Current 


Vpp=0^ Vcc+0.6 


- 


- 


±10 


yA 
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AC CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM27512AD-17 


TMM27512AD-20/200 


TMM27512AD-25/250 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


170 


- 


200 


- 


250 


ns 


t CE 


CE to Output Valid 


- 


170 


- 


200 


- 


250 


ns 


tOE 


(JE to Output Valid 


- 


70 


- 


70 


- 


100 


ns 


tDFl 


CE to Output in High-Z 





60 





60 





90 


ns 


t DF2 


OE to Output in High-Z 





60 





60 





90 


ns 


tQH 


Output Data Hold Time 





- 





~ 





- 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and CL=100pF 

10ns Max. 

0.45V 'v, 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE 



(Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN1 


Input Capacitance 


Vi N -0V 


- 


4 


6 


pF 


ClN2 


01/Vpp Input Capacitance 


v IN =ov 


- 


50 


60 


pF 


C OUT 


Output Capacitance 


v OUT =ov 


- 


8 


12 


P F 



This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



•DC 



t CE 



X 



////// 



& 



z OE 



C DF1 



Ui 



'/A 



WL 



DATA OUTPUTS 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 

DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


Vqq Power Supply Voltage 


5.75 


6.0 


6.25 


V 


v PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0% V C c 


- 


- 


±10 


UA 


V H 


Output High Voltage 


I H = -400uA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I L=2.1mA 


- 


- 


0.4 


V 


x cc 


V CC Supply Current 


- 


- 


- 


130 


mA 


X PP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


fc AS 


Address Setup Time 


- 


2 


- 


- 


PS 


fc AH 


Address Hold Time 


- 


2 


- 


- 


us 


t OES 


OE/Vpp Setup Time 


- 


2 


- 


- 


us 


t OEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


ys 


t PRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


tDH 


Data Hold Time 


- 


2 


- 


- 


us 


fc VR 


(TE/Vpp Recovery Time 


- 


2 


- 


- 


us 


tvcs 


Vqq Setup Time 


- 


2 


- 


- 


US 


tpw 


Initial Program Pulse Width 


CE=V IL , 0E/Vpp=V P p 


0.95 


1.0 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


t DV 


Data Valid from CE 


OE/V PP =V IL 


- 


- 


1 


us 


fc DF 


CE" to Output in High-Z 


OE/V PP =V IL 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45W2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter value 
X. 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE H) 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


Vqq Power Supply Voltage 


6.0 


6.25 


6.5 


V 


V PP 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0 'v V CC 


- 


- 


±10 


PA 


V H 


Output High Voltage 


IOH=-^00yA 


2.4 


- 


- 


V 


VOL 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


ice 


Vcc Supply Current 


- 


- 


- 


130 


mA 


X PP2 


Vpp Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5° 


C, V CC =6.25V±0.25V, V PP =12 .75V±0.25V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


MS 


fc AH 


Address Hold Time 


- 


2 


- 


- 


ys 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


ys 


tOEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


ys 


tpRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


fc DS 


Data Setup Time 


- 


2 


- 


- 


ys 


tDH 


Data Hold Time 


- 


2 


- 


- 


ys 


tVR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


ys 


tves 


V^c Setup Time 


- 


2 


- 


- 


ys 


tpw 


Program Pulse Width 


CE=Vil, 0E/Vpp=Vpp 


0.095 


0.1 


0.105 


ms 


tDV 


Data Valid from CE 


OE/V PP =V IL 


- 


- 


1 


ys 


tDF 


CE to Output in High-Z 


OE/V P p=V IL 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V PP =12 . 5V±0.5V) 
HIGH SPEED PROGRAMMING MODE E (V CC =6.25V±0.25V, V pp =12 . 75V±0.25V) 



OE/Vpp 




Note 1. Vqc must be applied simultaneously or before V pp and cut off 
simultaneously or after V P :>. 

2. Removing the device from socket and setting the device in socket with 
V PP =12.5±0.5V or V PP =12.75±0.25V may cause permanent damage to the device. 

3. The V PP supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V PP terminal. 
When the switching pulse voltage is applied to the V PP terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27512AD f s erasure o is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w« sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis- 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [uw/cm 2 ] x (20 x 60) [sec] a 15 [w. sec/cm 2 ] .) 

The TMM27512AD's erasure begins to occur when exposed to light with wavelength 
shorter than 4000^. The sunlight and the flourescent lamps will include 3000^4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 

OPERATION INFORMATION 

The TMM27512AD T s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



^~~~~"~~~-- — -^____^PIN NAMES (NUMBER) 
MODE ~~^ — ^ — ~-_ 


CE 
(20) 


0E/Vpp 
(22) 


vcc 

(28) 


00^ 07 
(11^13, 15^ 19) 


POWER 


Read Operation 
(Ta=0^ 70°C) 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


i'C 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


Vpp 


6vD 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 



1); HIGH SPEED PROGRAMMING MODE I 
2); HIGH SPEED PROGRAMMING MODE II 



READ MODE 

The TMM27512AD has two control functions. The. chip enable (CE) controls the operation 

power and should be used for device selection. 

The output enable_(0E) control the output buffers, independent of device selection. 

Assuming that CE=0E=Vj L , the output data is valid at the outputs after address access 

time from stabilizing of all addresses. 

The CE to output valid (teg) is equal to the address access time (t^cc) • 

Assuming that CE=Vjl anc * a ^ addresses are valid, the output data is valid at the 

outputs after tQE from the falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming that CE=Vxh °* OE=Vxh> tne outputs will be in a high impedance state. 
So two or more TMM27512AD's can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27512AD has a low power standby mode controlled by the CE" signal. 

By applying a high level to the CE input, the TMM27512AD is placed in the standby 

mode which reduce 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the 0E inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512AD are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit loca- 
tions by electrically programming. 

The TMM27512AD is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level. 

The TMM27512AD can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the program- 
med bits. 
The verify is accomplished with OE/Vpp at Vjl and CE at Vjl. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage(12.5V or 12.75V) is applied to Vpp terminal, 

a TTL high level CE input inhibits the TMM27512AD from being programmed. 

Programming of two or more TMM27512AD f s in parallel with different data is easily 

accomplished. That is, all inputs except for CE may be commonly connected, and a TTL 

Low level program pulse is applied to the CE of the desired device only and TTL high 

level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vqq=6.0V and 0E/Vpp=12 ,5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 

pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with V CC =5V. 

HIGH SPEED PROGRAMMING MODE I 

The program time can be greatly decreased by using this high speed programming mode U. 

This high speed programming mode I is performed at V CC =6.25V and 0E/Vpp=12 .75V, 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with Vqq=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



Q START J 



V cc =&0 ± a 25V 
Vpp =12.5 ± a 5V 



ADDRESS 

= START ADDRESS 






X = 




















PROGRAM : TPW=lme 






1 






X = X + 1 






OVERPROQRAM 3X PULSES OF lmeec 
OR ONE PULSE OF 3X msec DURATION 




-( FAIL J 



C PASS } 
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HIGH SPEED PROGRAMMING MODE II FLOW CHART 









r START ^ 

\ 














V cc = 6.25±Q.25V 
V pp = 12.75±025V 








* 








ADDRESS 

= START ADDRESS 


























1 










X = 


























NO 




' 








PROGRAM ; TPW=aims 
























X=X + 1 














YES 














J NO 

READ : ONE BYTE 










ADDRESS 

= NEXT ADDRESS 






foK 




1 


NO 


LAST ADDRESS ? 
\ YES 










V cc = 5.0 V 








<*^ 


"'"READ ^"""^ 


■**-* 


NO 






^^AXL BYTES^-""^ 
| OK 




( 


' 


* 




( PASS J 


FA 


IL 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27512AD which identifies 
its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27512AD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vj L in read operation. Data output in this condi- 
tions is manufacturer code. Device code is identified when address AO is set to Vj^. 
These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM27512AD. 



^^-\^ PINS 
SIGNATURE \-^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 

(11) 


HEX. 
DATA 


Manufacture code 


VlL 


1 








1 


1 











98 


Device code 


V IH 











1 





1 





1 


15 



Note: A9=12V±0.5V 

A1^A8, A10^A15, CE, 0E=V IL 
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OUTLINE DRAWINGS 



Unit in mm 



30.6 4 y y 




< 

'A 


\ 










L- 1 ' 




If 


f II if 11 II II 

L54+Q25 


i/Vi 


K7OT? 




" 


if V if if if 


■ r- 


i 


1.3±0.2 5 






Note 1 




+ 0.15 

0.4 6 -0.10 



lc.2 4±Q3 






Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



TMM27512ADI-20, TMM27512ADI-25 



DESCRIPTION 



The TMM27512ADI is a 65,536 words x 8 bits ultraviolet light erasable and electri- 
cally programmable read only memory. 

For read operation, the TMM27512ADI ' s access time is 200ns/250ns, and the TMM27512ADI 
operates from a single 5-volt power supply and has low power standby mode which re- 
duces the power dissipation without increasing access_time. The standby mode is 
achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed program- 
ming mode. The TMM27512ADI is fabricated with the N-channel silicon double layer gate 
MO? technology. 



FEATURES 





-20 -25 


v C c 


5V±10% 


tACC 


200ns | 250ns 


X CC2 


130mA 


I CC1 


40mA 



Wide operating temperature 
range: -40^85°C 



PIN CONNECTION 




Full static operation 
High speed programming mode I, H 
Inputs and outputs TTL compatible 
Pin compatible with 127512 
Standard 28 pin DIP cerdip package 



BLC0K DIAGRAM 



(TOP VIEW) 


OE 






CE 


28 


3 V CC 




27 


DA14 


AO 


26 


DA13 


Al 

A2 


25 


3a8 


A3 


24 
23 


IJA9 

Daii 


A4 
A5 

\6 


22 


D OE/Vpp 


A7 


21 


DA10 


A8 


20 


DCE 


A9 
\10 


19 


3 07 


AH 


18 
17 
16 


3 06 
3 05 
3 04 


A12 
A13 
A14 
A15 


15 


3 03 





Vp P 



GND 



v C c 



OE CE 
CIRCUIT 



00 01 02 03 04 05 06 07 



COLUMN 
DECODER 



OUTPUT BUFFERS 



64 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



1024 



MEMORY I/O 

ARRAY 
65,536x8 bits 



PIN NAMES | 


AO'v A15 


Address Inputs 


00*07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE/Vpp 


Output /Program 
Enable / Supply- 
Input/ Voltage 


V CC 


Power Supply 
Voltage (+5V) 


GND 


Ground 



MODE SELECTION 
















MODE ^^^-^_ 


CE 
(20) 


OE/Vpp 
(22) 


VCC 
(28) 


00*07 
(11^13, 15*19) 


POWER 


Read 


L 


L 


5V 


Data Out 




Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vp P 


6 VI) 

2) 

6.25V 


Data In 


Active 


Program Inhibit 


H 


vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



*: H or L 



1): 
2): 



HIGH 
HIGH 



SPEED 
SPEED 



PROGRAMMING MODE I 
PROGRAMMING MODE H 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vqq Power Supply Voltage 


-0.6 a,7.0 


V 


v pp 


Program Supply Voltage 


-0.6 ^14.0 


V 


VlN 


Input Voltage 


-0.6 0,7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6 0,7.0 


V 


?D 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C -sec 


T STG 


Storage Temperature 


-65 ^,125 


°C 


T OPR 


Operating Temperature 


-40 o,85 


°C 



READ OPERATION 

DC AND AC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TMM27512ADI-20/25 


Ta 


Operating Temperature 


-40^85°C 


v C c 


V cc Power Supply Voltage 


5V±5% 



DC AND 


OPERATING CHARACTERISTICS 












SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0o,V cc 


- 


- 


±10 


uA 


^0 


Output Leakage Current 


V 0UT =0.4o,V cc 


- 


- 


±10 


PA 


icci 


Supply Current (Standby) 


CE=V IH 


- 


- 


40 


mA 


I CC2 


Supply Current (Active) 


CE=V IL 


- 


- 


130 


mA 


VlH 


Input High Voltage 


- 


2.2 


- 


v cc +i.o 


V 


V IL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


VOH 


Output High Voltage 


I OH =-400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I PP1 


Vpp Current 


Vpp=Q 0, V cc +0 . 6 


- 


- 


±10 


UA 
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AC CHARACTERISTICS 



SYMBOL 


PARAMETER 


TMM27512ADI-20 


TMM27512ADI-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


200 


- 


250 


ns 


tCE 


CE to Output Valid 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


100 


ns 


C DF1 


CE to Output in High-Z 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





90 


ns 


fc OH 


Output Data Hold Time 





- 





- 


ns 



AC TEST CONDITIONS 

* Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

* Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V^2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE * (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN1 


Input Capacitance 


v IN =ov 


- 


4 


6 


pF 


C IN2 


OE/Vpp Input Capacitance 


v IN =ov 


- 


50 


60 


pF 


C 0UT 


Output Capacitance 


v OUT =ov 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0-A15 



CE 



OE 



O0-O7 
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PR0GRAT4 OPERATION (HIGH SPEED PROGRAMMING MODE I) 
DC RECOMMENDED OPERATING CONDITIONS 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V"cC Power Supply Voltage 


5.75 


6.0 


6.25 


V 


v PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 


DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Hi 


Input Current 


V IN=° ^ V CC 


- 


- 


±10 


yA 


V H 


Output High Voltage 


I OH =-400 U A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I cc 


Vqq Supply Current 


- 


- 


- 


130 


mA 


Ip P2 


Vpp Supply Current 


V pp =13.0V 


- 


- 


50 


mA 


AC PROGRAMMING CHARACTERISTICS (Ta«25±5°C, v C c«6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*AS 


Address Setup Time 


- 


2 


- 


- 


us 


C AH 


Address Hold Time 


- 


2 


- 


- 


us 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


us 


tOEH 


OE/V pp Hold Time 


- 


2 


- 


- 


ys 


fc PRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


fc DS 


Data Setup Time 


- 


2 


- 


- 


ys 


tDH 


Data Hold Time 


- 


2 


- 


- 


ys 


tVR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


ys 


tvcs 


Vqq Setup Time 


- 


2 


- 


- 


ys 


tpw 


Initial Program Pulse Width 


CE=V IL , OE/Vpp- Vpp 


0.95 


1.0 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


tDV 


Data Valid from CE 


OE/V PP =V IL 


- 


- 


1 


ys 


C DF 


CE to Output in High-Z 


OE/V PP =V IL 


- 


- 


130 


ns 



1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE H) 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V IH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


Vcc Power Supply Voltage 


6.0 


6.25 


6.5 


V 


v PP 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



DC AND OPERATING CHARACTERISTICS <Ta=25±5°C, V C c=6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


yA 


V H 


Output High Voltage 


I OH =-400 y A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


X CC 


Vcc Supply Current 


- 


- 


- 


130 


mA 


Ip P2 


Vpp Supply Current 


V pp =13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V cc =6.25V±0.25V f V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*AS 


Address Setup Time 


- 


2 


- 


- 


us 


tAH 


Address Hold Time 


- 


2 


- 


- 


US 


t OES 


OE/V PP Setup Time 


- 


2 


- 


- 


MS 


c OEH 


OE/V pp Hold time 


- 


2 


- 


- 


ys 


tpRT 


0E/V pp Pulse Rise Time 


- 


50 


- 


- 


ns 


t DS 


Data Setup Time 


- 


2 


- 


- 


us 


t DH 


Data Hold Time 


- 


2 


- 


- 


ys 


t VR 


0E/V pp Recovery Time 


- 


2 


- 


- 


MS 


t VCS 


Vcc Setup Time 


- 


2 


- 


- 


ys 


C PW 


Program Pulse Width 


CE=V IL , OE/V PP =V PP 


0.095 


0.1 


0.105 


ms 


C DV 


Data Valid from CE 


OE/Vp p =*V IL 


- 


- 


1 


Us 


C DF 


CE to Output in High-Z 


0E/Vp p =V IL 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I 
HIGH SPEED PROGRAMMING MODE 31 



(V CC =6V±0.25V, V pp =12.5V±0.5V) 
(Vcc=6 . 25V±0 . 25V, Vpp=12 . 75V±0 . 25V) 



A0-A15 



CE 



OE/Vpp 



O0-O7 



V C C 



X 



tvcs 



*AS 



\ t 0PW / 



t OElj_ 



t VR 



/ D IN STABLE \ 



t m 



PROGRAM 



l DV 



< 



tAH 



X 



Dqut VALID 



> 



PROGRAM VERIFY 



Note 1. Vcc must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5±0.5V or Vpp=12.75±0.25V may cause permanent damage to the 
device, 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 

the overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM2 7512ADI 's erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w.sec/cm ] . 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis- 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [uw/cm 2 ] x (20 x 60) [sec] -15 [w.sec/cm 2 ].) 

The TMM27512ADI 's erasure begins to occur when exposed to light with wavelength 
shorter than 4000A. The sunlight and the florescent lamps will include 3000^4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals -Toshiba EPR0M Protect Seal AC901- are available. 



OPERATION INFORMATION 

The TMM27512ADI f s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



~^— — - — ~___PIN NAMES (NUMBER) 
MODE ^~^~ — -~____^ 


CE 
(20) 


0E/Vpp 
(22) 


V CC 
(28) 


00^07 
(11^13, 15%19) 


POWER 


Read Operation 
(Ta=0 % 70°C) 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 




H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25+5°C) 


Program 


L 


V PP 


6vD 
6.25V 2) 


Data In 


Active 


Program Inhibit 


H 


V PP 


High Impedance 


Program Verify 


L 


L 


Data Out 



Note: H; Vir, L; Vil, *; Vih or Vn 



1); HIGH SPEED PROGRAMMING MODE I 
2); HIGH SPEED PROGRAMMING MODE H 



READ MODE 

The TMM27512ADI has two control functions. The chip enable (CE) controls the operation 

power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 

Assuming that CE=0E=Vil» the output data is valid at the outputs after address access 

time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (t^CC) • 

Assuming that CE=Vxl and all addresses are valid, the output data is valid at the 

outputs after tQE from the falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming that CE=Vjjj or OE=V;i;h, the outputs will be in a high impedance state. 
So two or more TMM2751 2ADI ' s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27512ADI has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512ADI is placed in the standby 

mode which reduces 70% of the operating current by applying TTL-high level and 

then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512ADI are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce M f s" data into the desired bit 

locations by electrically programming. 

The TMM27512ADI is in the programming mode when the 0E/V pp input is at 12.5V or 12.75V 

and CE is at TTL-Low level. 

The TMM27512ADI can be programmed any location at anytime either individually, 

sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the program- 
med bits. 
The verify is accomplished with OE/Vpp at Vxl anci CE at V IL . 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27512ADI from being programmed. 
Programming of two or more TMM2751 2ADI ' s in parallel with different data is easily 
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL 
Low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vqq=6.0V and OE/Vpp=12 . 5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 

pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with Vcc=5V. 

HIGH SPEED PROGRAMMING MODE II 

The program time can be greatly decreased by using this high speed programming mode n. 

This high speed programming mode II is performed at Vcc«6.25V anc * 0E/Vpp=12 ,75V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times) . 

When programming has been completed, the data in all addresses should be verified 

with Vcc=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



(start) 



V cc = 6.0±0.25V 
V pp =12.5±0.5V 



ADDRESS 

= START ADDRESS 




YES 





X = 




















PROGRAM: TPW=lms 






I 






X = X + 1 





NG 




YES 



OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 



NO 




< FAIL ) 



C~ PASSj 
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HIGH SPEED PROGRAMMING MODE H FLOW CHART 



Q START J 

1~^ 



V cc = 6. 25 ± 0.25 V 
V pp = 12.75 ±0.25 V 



ADDRESS 

= NEXT ADDRESS 



ADDRESS 

= START ADDS ESS 



X = 



PROGRAM : TPW= 0.1 ms 



X = X + 1 




YES 



Vcc = 5 -0 v 




Q PASS J 



( FAIL ^ 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27512ADI which identifies 
its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27512ADI by using this mode before programming operation and automatically setting 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
V IH . These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM27512ADI. 



^"^\^^ PINS 

SIGNATURE ^""^\ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(ID 


HEX. 
DATA 


Manufacture code 


VlL 


1 








1 


1 











98 


Device code 


VlH 











1 





1 





1 


15 



Note: A9=12V±0.5V 

A1^A8, A10^A15, CE, 0E=V IL 
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OUTLINE DRAWINGS 



Unit in mm 



3 7.7MAX. 




lOO >< 

+ 1 s 



€-4. 



Note 1 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC57512AD-15, TC57512AD-20 



DESCRIPTION 



The TC57512AD is a 65,536 word x 8 bit CMOS ultraviolet light erasable and electrically 
programmable read only memory. For read operation, the TC57512AD's access time is 
150ns/200ns, and the TC57512AD operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 30mA/6.7Mllz and standby 
current to lOOpA. For program operation, the programming is achieved by using the high 
speed programming mode. For program operation, the programming is achieved by using 
high speed programming mode. TC57512AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MOS technology. 

IFEATURESI 



• Peripheral circuit: CMOS 

Memory cell J N-MOS 

• Fast access time: 

TC57512AD-15 150ns 
TC57512AD-20 200ns 

• Low power dissipation 

Active : 30mA/6.7MHz 
Standby: lOOuA 



[PIN CONNECTION! (TOP VIEW) 



A15C 


1 


28 


3VCC 


A12C 


2 


27 


Z3A14 


A7C 


3 


26 


3A13 


A6q 


4 


25 


Ua8 


Asq 


5 


24 


3A9 


A4C 


6 


23 


3A11 


A3C 


7 


22 


3 OE/Vpp 


A2C 


8 


21 


DA10 


A1C 


9 


20 


DCE 


AOC 


10 


19 


D07 


ooc 


11 


18 


3 06 


01 c 


12 


17 


3 05 


02 C 


13 


16 


3 04 


GNDC 


14 


15 


3 03 



PIN NAMES| 


A0^A15 


Address Inputs 


00^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE/Vpp 


Output /Program 
Enable / Supply 
Input/ Voltage 


v C c 


Power Supply 
Voltage (+5V) 


GND 


Ground 



• Full static operation 

• High speed programming mode I, H 

• Inputs and outputs TTL compatible 

• Standard 28 pin DIP cerdip package 



BLOCK DIAGRAM 



Vpp GND VCC 00 01 02 03 04 05 06 07 

r y-f ? ? ■ , f T T i M T ? 



OE 
CE 

AO 
Al 
A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

A14 

A15 



OE CE 
CIRCUIT 



OUTPUT BUFFERS 



COLUMN 
DECODER 



64 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



1.0 24 



MEMORY CELL 

ARRAY 
65»536x8bi ts 



Imode selection] 












^^^-^^^ PIN 
MODE ^^^-^^ 


CE 
(20) 


OE/Vpp 
(22) 


v C c 

(28) 


00^07 
(11^13,15^19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


■?< 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vpp 


6V 1 ) 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



*: H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE H 
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MAXIMUM RATINGS| 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


VcC Power Supply Voltage 


-0.6^7.0 


V 


v PP 


Program Supply Voltage 


-0.6^14.0 


V 


VlN 


Input Voltage 


-0.6<W.0 


V 


Vl/O 


Input/Output Voltage 


-0.6%V cc +0.5 


V 


p D 


Power Dissipation 


1.5 


W 


T SOLDER 
T STG 


Soldering Temperature • Time 


260 • 10 


°Osec 


Storage Temperature 


-65^125 


°C 


T OPR 


Operating Temperature 


-40^85 


°C 



READ OPERATION 



D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC57512AD-15/TC57512AD-20 


Ta 


Operating Temperature 


-40 ~ 85°C 


VCC 


VcC Power Supply Voltage 


5V±5% 



D.C. AND 


OPERATING CHARACTERISTICS 














SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin-^V cc 


- 


~ 


±10 


pA 


Ilo 


Output Leakage Current 


V 0UT =0.4<y,V cc 


- 


- 


±10 


PA 


I CC01 


Operating Current 


CE=0V 
iQUY^OmA 


f=6.7MHz 


- 


- 


30 


mA 


I CC02 


f=lMHz 


- 


- 


10 


I CCS1 


Standby Current 


CE-Vih 


- 


- 


1 


mA 


X CCS2 


CE=V CC -0.2V 


- 


- 


100 


yA 


VlH 


Input High Voltage 


- 


2.2 


- 


V cc +0.3 


V 


VlL 


Output Low Voltage 


- 


-0.3 


~ 


0.8 


V 


V 0H 


Output High Voltage 


I OI r-400 M A 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


~ 


0.4 


V 


X PP1 


Vpp Current 


V P p=0^V cc +0.6 


- 


- 


±10 


uA 
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A.C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57512AD-15 


TC57512AD-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=V IL 


- 


150 


- 


200 


ns 


tCE 


CE to Output Valid 


OE=VlL 


- 


150 


- 


200 


ns 


fc OE 


OE to Output Valid 


CE=V IL 


- 


70 


- 


70 


ns 


C DF1 


CE to Output in High-Z 


OE=V IL 





60 





60 


ns 


fc DF2 


OE to Output in High-Z 


ra-v IL 





60 





60 


ns 


tQH 


Output Data Hold Time 


ce=5e=v il 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C^lOOpF 

10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE *(Ta»25°C, f-lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN1 


Input Capacitance 


Vi N -0V 


- 


4 


6 


P F 


ClN2 


OE/Vpp Input Capacitance 


Vin-OV 


- 


50 


60 


pF 


c 0UT 


Output Capacitance 


V OUT =0V 


- 


8 


12 


PF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 

34 



A0-A15 



OE 



00-0 7 
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[HIGH SPEED PROGRAM MODE l| 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


vcc 


Vq C Power Supply Voltage 


5.75 


6.0 


6.25 


V 


V PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, Vp P =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o%v cc 


- 


- 


±10 


PA 


V 0H 


Output High Voltage 


I OH =-400pA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I L = 2.1mA 


- 


- 


0.4 


V 


I cc 


Vqq Supply Current 


- 


- 


- 


30 


mA 


T PP2 


Vpp Supply Current 


V pp =13.0V 


- 


- 


50 


mA 



AC PRO 


GRAMMING CHARACTERISTICS (Ta-25±5°C f V C c=6V±0.25V t 


Vpp-12. 


5V±0.5V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


~ 


- 


us 


t AU 


Address Hold Time 


- 


2 


- 


- 


us 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


ps 


t OEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


ps 


tpRT 


OE/Vpp Pulse Rise Time 


~ 


50 


- 


- 


ns 


fc DS 


Data Setup Time 


- 


2 


- 


- 


ps 


fc DH 


Data Hold Time 


- 


2 


- 


- 


ps 


fc VR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


ps 


fc VCS 


V cc Setup Time 


- 


2 


- 


- 


ps 


fc PW 


Initial Program Pulse Width 


CE«V ILl 0E7Vpp=V PP 


0.95 


1.0 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


fc DV 


Data Valid from CE 


0E/V PP =V IL 


- 


- 


1 


ps 


t DF 


CE to Output in High-Z 


0E/V P p=V IL 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 



Note 1: 



The length of the overprogram pulse may vary as a function of the counter 
value X. 
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[HIGH SPEED PROGRAM MODE H| 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VIH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


V IL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V CC 


Vqq Power Supply Voltage 


6.0 


6.25 


6.5 


V 


Vp P 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V c c=6.25V±0.25V t V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0 <\, v cc 


- 


~ 


±10 


PA 


V H 


Output High Voltage 


Iqh—AOOuA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I L=2.1mA 


- 


- 


0.4 


V 


J CC 


V cc Supply Current 


- 


- 


- 


30 


mA 


I PP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP < 


L2.75ViO.25V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C AS 


Address Setup Time 


- 


2 


- 


- 


us 


tAH 


Address Hold Time 


~ 


2 


- 


- 


us 


tOES 


OE/V pp Setup Time 


- 


2 


- 


- 


us 


tOEH 


OE/V PP Hold Time 


- 


2 


- 


- 


us 


fc PRI 


OE/V PP Pulse Rise Time 


- 


50 


- 


- 


ns 


fc DS 


Data Setup Time 


- 


2 


- 


- 


Us 


C DH 


Data Hold Time 


- 


2 


- 


- 


US 


tVR 


0E/V pp Recovery Time 


- 


2 


- 


- 


US 


tvcs 


Vcc Setup Time 


- 


2 


- 


- 


us 


fc PW 


Program Pulse Width 


CE=V IL> OE/V PP =V PP 


0.095 


0.1 


0.105 


ms 


fc DV 


Data Valid from CE 


0E/V PP -V IL 


- 


- 


1 


US 


fc DF 


CE* to Output in High-Z 


OE/V PP =V IL 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 



HIGH SPEED PROGRAMMING MODE I (V CC =6V±0. 25V, Vpp=12.5V±0.5V) 
HIGH SPEED PROGRAMMING MODE E (V CC =6.25V±0.25V, Vpp=12.75V±0.25V) 



AO-A1 5 



CE 



OE/Vp,: 



OG~07 



Vce 



X 



tvcs 



MS, 



l OES 



.tps 



tOE! 



\ UjN STABLE \ 




PROGRAM 



/ 



l Ml 



X 



^ i) OUT valid y 



PROGRAM VERIFY 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5±0.5V or Vpp=12. 75±0.25V may cause permanent damage to the 
device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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I ERASURE CHARACTERISTICS] 
The TC57512AD's erasure is achieved by applying shortwave ultraviolet light which has 

o 

a wavelength of 2537A (Angstroms) to the chip through the transparent window. Then 
intergrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w»sec/cm 2 ]. When the Toshiba sterilizing lamp 
GL-15 is used and the device is exposed at a distance of 1cm from the lamp surface, 
the erasure will be achieved within 60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [pw/cm 2 ] will reduce the exposure time to about 
20 minutes. (In this case, the integrated does is 12000 [uw/cm 2 ]x (20x60) [sec] * 15 
[w-sec/cm 2 ] .) The TC57512AD's erasure begins to occur when exposed to light with 
wavelength shorter than 4000A. The sunlight and the flourescent lamps will include 

o 

3000 *b 4000A wavelength components. Therefore when used under such lighting for ex- 
tended periods of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 



OPERATION INFORMATION 



The TC57512AD's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



" -~— ^_____PIN NAMES (NUMBER) 

MODE ~~ " — -—-_ ___ 


CE 
(20) 


OE 
(22) 


Vpp 
(1) 


v C c 

(28) 


00^07 
(11^13, 15*19) 


POWER 


Read Operation 
(Ta-'-A0 * 85°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


1) 
12.5V 

12.75V 2 ) 


6V 1} 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



M u „ _ „ . „ „ 1); HIGH SPEED PROGRAM MODE I 
Note: H; V IH , L; V IL , *; V IH or V IL , 2) . HIGH SPEED PR0GRAM M0DE E 



READ MODE 



The TC57512AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. The output enable (OE) control the 
output buffers, independent of device selection. Assuming that CE=0E=Vjl, the output 
data is valid at the outputs after address access time from stabilizing of all ad- 
dresses. The CE to output valid (t^g) is equal to the address access time (t^^). 
Assuming that CE=Vtl and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of 0E. 
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[OUTPUT DESELECT MODEl 

Assuming that CE=Vj H or OE^Vju, the outputs will be in a high impedance state. So two 
or more TC57512AD , s can be connected together on a common bus line. When CE is decode 
for device selection, all deselected devices are in low power standby mode. 

[STANDBY MODE] 

The TC57512AD has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC57512AD is placed in the standby mode which re- 
duce the operating current to lOOuA by applying MOS-high level (V"cc) and then the 
outputs are in a high impedance state, independent of the OE inputs. 

[PROGRAM MODE] 

Initially, when received by customers, all bits of the TC57512AD are in the "1" state 
which is erased state. Therefore the program operation is to introduce "O's" data 
into the desired bit locations by electrically programming. The TC57512AD is in the 
programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at TTL-Low 
level. The TC57512AD can be programmed any location at any time either individually, 
sequentially, or at random. 

[PROGRAM VERIFY MODEl 

The verify mode is to check that desired data is correctly programmed on the pro- 
grammed bits. The verify is accomplished with OE/Vpp at Vjl ana * CE" at Vtl,. 

[PROGRAM INHIBIT M0DE| 

Under the condition that the program voltage (+12. 5V or +12. 75V) is applied to Vpp 
terminal, a high level CE input inhibits the TC57512AD from being programmed. 
Programming of two or more TC57512AD's in parallel with different data is easily ac- 
complished. That is, all inputs except for CE may be commonly connected, and a TTL 
low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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HIGH SPEED PROGRAM MODE I 



This high speed programming mode I is performed at VQ(f*6.0V and Ol/Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times) . 

After correctly programming the selected address, the additional program pulse with 

pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with V CC =5V. 



[HIGH SPEED PROGRAM MODE H 



The program time can be greatly decreased by using this high speed programming mode 

H. This high speed programming mode II is performed at Vcc^.SSV and OE/Vpp=12.75V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V CC =5V. 
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HIGH SPEED PROGRAM MODE I 



FLOW CHART 



( START ) 



VcC = 6.0 ± 0.25 V 
Vpp= 12.5 ±0.5 V 



A Dim ESS 
-NEXT ADDRESS 



ADDRESS 

= START ADDRESS 




YES 



OVERPHOGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 



NO 




( PAg« ) 
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| HIGH 

FLOW 


SPEED PROGRAM MODE n| 
CHART 














( START ) 

1 








V(;C= 6.25 ± 0.25 V 
V FP = 1 2.75 ±0.25 V 








\ 








ADDRESS 

= START ADDRESS 






















\ 


' 










X = 


























-' 










PROGRAM .* TPW:=0.1 ms 












1 












X= X+ 1 














YES 














NO 


I NO 










ADDRESS 
=NEXT ADDRESS 






<^read:one byte^> 

j OK 










NO 










jTyes 








V cc = 5.0 V 






«z^ 


^^ 


«^_ NG 




J OK 


^> 


' 




( PASS ) 


c fail ; 
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ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC57512AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57512AD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjx * n read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
V IH* These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC57512AD. 



^"^\^^ PINS 
SIGNATUReT"\^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 


1 














1 





1 


85 



Notes: A9-12V+0.5V 

A1^A8, A10^A15, CE, 0E*=V IL 
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Unit in mm 



no.64 7 y 



37.7 MAX. 




CM 

• 6 












d I 1 




Y 


n 


mm 

2.5 4 ±0.2 5 


mm 


t* 




1.3 ±02 5 


+1 

CM 






Note 1 


+ 0.1 5 
0.4 6 - 0.1 



1 5.24 ±0.3 



TK- 0.2 5 - 0.1 V 



1 7.4 MAX. 



Note 2 



Note 1. Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 



The TC571000D/TC571001D is a 131,072 word * 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC571000D is JEDEC standard pin configuration and the TC571001D is compatible with 
28 pin 1M bit Mask ROM. Both products are packed in 32 pin standard cerdip package. 

TC571000D/TC571001D is fabricated with the CMOS technology. Advanced circuit tech- 
niques provide both high speed and low power features with a maximum operating current 
of 30mA/ 6.7MHz and access time of 150ns/200ns/250ns. 

The programming times of the TC571000D/TC571001D except overhead times of EPROM pro- 
grammer is only 14 seconds by using the high speed programming algorithm. 



(FEATURES 



• Peripheral circuit: CMOS 

Memory cell : H-MOS 

• Access Time 





-15 | -20 | -25 


-200 


vcc 


5V±5% 


5V±10% 


Temp 


0n,70°C 


-40^85°C 


(K70°C 


r ACC 


150ns 


200ns | 250ns 


200ns 



Low power dissipation 

Active : 30mA/6.7MEz 
Standby: 100pA(Ta*85°C) 



I PIN CONNECTION] (TOP VIEW) 



VPPE 

A16E 

A15[ 

A12[ 

A7[ 

A6[ 

A5I 

A4 I 

A3[ 

A2E 

AlE 

AOt 

DO I 



DIE 14 

D2E 15 

GNDE 16 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



32 3 VCC 
31 3 PGM 
30)NC 
29 3A14 
28 3A13 



27pA8 
26 



24 



3A9 
3A11 
30E 
23 3A10 
223CT 
21 3D7 
20 3D6 



193D5 
18 3D4 
173D3 



VPP[ 

A15 C 
A12C 
A7E 
A6 [ 
A5 C 
A4 C 
A3 E 
A2C 
AlE 
A0 E 
DOE 
DIE 



D2E 15 



GNDE 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 



16 



32 1 VCC 
31 3 PGM 
30 INC 
29 3 Al 4 
28 3A13 
27 1A8 
26 3A9 
25 3A11 
24 3A16 
23 3A10 
223CT 
21 3D7 
20 3D6 
19 3 D5 
18 3D4 
17 3D3 



• Single 5V power supply 

• Full static operation 

• High speed programming, operation: tpy 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC571000D 

• 1M MROM compatible : TC571001D 

• Standard 32 pin DIP cerdip package 



(Reference) 



.A15E 1 
^A12 E 2 

A7[ 3 
A6[ 4 
A5[ 5 
A4[ 6 
A3[ 7 
A2[ 8 
AlE 9 
A0[ 10 
DOC 11 
Dll 12 
D2E 13 
GNDl 14 



28 J VCC* 
27 JA14 
26 1A13 
25 3A8 
24 3A9 
23 3A11 



223A16 



15 



UlO 

)cT 

3D7 
3D6 
3D5 



163D4 



3D3 



TC571000D 



TC571001D 



,1M Mask ROM. 
^ TC531000P ; 



IPIN NAMES I 


A0%A16 


Address Inputs 


D0%D7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable 
Input 


PGM 


Program Control 
Inout 


vcc 


Vcc Supply Voltage 


vpp 


Program Supply 
Voltage 


GND 


Ground 


NC 


No Connection 
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BLOCK DIAGRAM! 



OE C 

CTc 
pgFc 

AO C 

Al c 

A2 c 

A3 < 

A4 c 

A5C 

A6 C 

A7c 

A8C 

A9 C 

A10 < 

All C 

A12 C 

A13 < 

A14 < 

A15 < 

A16 < 



00 01 02 03 04 05 06 07 



V pp GND V cc 

? i ? n n n n 



CIRCUIT 



COLUMN 
DECODER 



ROW 
DECODER 



OUTPUT BUFFERS 



128 



1024 



COLUMN t/t) 
CIRCUIT 



MEMORY CELL 

ARRAY 
131,07 2x8bits 



MODE SELECTION 
















~~^^^___ PIN 

MODE " ' -~_ 


PCM 


CE 


OE 


Vpp 


vcc 


00^ 07 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


Program 


L 


L 


H 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program Verify 


E 


L 


L 


Data Out 



*: H or L 



MAXIMUM RAXINGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vqq Power Supply Voltage 


-0.6% 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6^ 14.0 


V 


V IN 


Input Voltage 


-0.6 ~ 7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6^Vcc+0.5 


V 


PD 


Power Dissipation 


1.5 


w 


T S OLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


T STRG 


Storage Temperature 


-65% 125 


°C 


T OPR 


Operating Temperature 


-40 % 85 


°C 



— H-98 - 



TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 



IREAD OPERATION] 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC571000D/1001D-15,-20,-25 


TC571000Q/1001D-200 


UNIT 


MIN. 


TYP. 


MAX. 


MIN. 


TYP. 


MAX. 


VlH 


Input High Voltage 


2.2 


- 


Vcc+0.3 


2.2 


- 


V cc +0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


-0.3 


- 


0.8 


V CC 


V CC Power Supply Voltage 


4.75 


5.00 


5.25 


4.50 


5.00 


5.50 


v PP 


V PP Power Supply Voltage 


V cc -0.6 


v C c 


V cc +0.6 


V cc -0.6 


v C c 


V cc +0.6 



D.C. AND OPERATING CHARACTERISTICS (Ta— 40~85°C) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vjn-0 ^ Vqc 


- 


- 


±10 


UA 


*CC01 


Operating Current 


cf-OV ] f =6 . 7MHz 


- 


- 


30 


mA 


I CC02 


I OUT »0nA | f«iMH 2 


- 


- 


10 


I CCS1 


Standby Current 


er=v IH 


- 


- 


1 


mA 


I CCS2 


^I=V cc -0 . 2V 


- 


- 


100 


UA 


VOH 


Output High Voltage 


I OH =-400uA 


2.4 


- 


- 


V 


V OL 


Output Low Voltage 


I 0L «2.1mA 


- 


- 


0.4 


V 


IPPI 


V PP Current 


Vpp«=V cc ±0 . 6V 


- 


- 


=10 


UA 


lLO 


Output Leakage Current 


VouT" -^^ V CC 


- 


- 


10 


uA 



Ta»0^70°C for TC571000D/TC571001D-15 , -200 

A.C. CHARACTERSITICS (Ta=-40 ^ 85°C, ^PP= v CC±0 . 6V> 



SYMBOL 


PARAMETER 


TC571000D/1001D 
-15 


TC571000D/1001D 
-20,-200 


TC571000IK100 1D 
-25 


UNIT 


MIN. 


MAX. | MIN. 


MAX. 


MIN. 


MAX. 


t ACC 


Address Access Time 


- 


150 | - 


200 


- 


250 


ns 


t CE 


CE to Output Valid 


- 


150 


- 


200 


- 


250 


tOE 


OE to Output Valid 


- 


70 


- 


70 


- 


100 


tpGM 


PGM to Output Valid 


- 


70 


- 


70 


- 


100 


-DF1 


CE to Output in High-Z 





60 





60 





90 


r DF2 


OE to Output in High-Z 





60 





60 





90 


t DF3 


PGM to Output in High-Z 





60 





60 





90 


t OH 


Output Data Hold Time 





- 





- 





- 



Ta=0'v70 o C for TC571000D/TC571001D-15 , -200 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 



1 TTL Gate and C^lOOpF 
10ns Max. 
0.45V 5o 2.4V 



• Timing Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571000D-15, -20, -200, -25 
TC571 0010-15, -20, -200,-25 



CAPACITANCE (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


v IN=0V 


- 


A 


8 


?F 


COUT 


Output Capacitance 


VOUT=OV 


- 


10 


12 



* This parameter is periodically sampled is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0-A16 



X 



m. 



0"E 



PGH 



00-07 




L CE 



*OE 



L PGM 



^ACC 



HIGH Z 




X 



'OH 



*m 



mm 



i 



'DF2 



DATA OUTPUTS 



DF3 




HIGH Z 
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TC57I0Q0D-15, -20, -200, -25 
TC571M1D-15, -20, -200,-25 



I HIGH SPEED PROGRAM OPERATIONl 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


v C c 


V CC Power Supply Voltage 


6.00 


6. 


25 


6.50 


Vpp 


Vpp Power Supply Voltage 


12.50 


12. 


75 


13.00 


D.C. AND 


DPERATIN6 CHARACTERISTICS (Ta«25±5°C, V C c«6. 


25±0.25V, Vpp=i2.75±0 


.25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v Iir o%v cc 


- 


- 


±10 


UA 


V 0H 


Output High Voltage 


I OH st "" 400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


1 CC 


V CC Supply Current 


- 


- 


- 


30 


mA 


I P P2 


Vpp Supply Current 


Vpp«13.0V 


- 


- 


50 


niA 


V ID 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 


A.C. PROG 


RAMMING CHARACTERISTICS (Ta 


=25±5°C, Vcc=6.2f 


±0.25V, 


Vpp=12. 75±0.25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*AS 


Address Setup Time 


- 


2 


- 


- 


us 


t AB. 


Address Hold Time 


- 


2 


- 


- 


us 


t CES 


CE Setup Time 


- 


2 


- 


- 


us 


tCEH 


CE Hold Time 


- 


2 


- 


- 


us 


tDS 


Data Setup Time 


- 


2 


- 


- 


us 


C DH 


Data Hold Time 


- 


2 


- 


- 


us 


t VS 


V PP Setup Time 


- 


2 


- 


- 


us 


t PW 


Program Pulse Width 


- 


0.095 


0.1 


0.105 


ms 


t OE 


OE to Output Valid 


- 


- 


- 


100 


ns 


tDF2 


OE to Output in High-Z 


CE- V IL 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 



1 TTL Gate and Cl(100pF) 
10ns Max. 
0.45V and 2.4V 



• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC57 10000-15, -20, -200, -25 
TC571001D-15, -20,-200, -25 



HIGH SPEED PROGRAM OPERATION 
TIMING CHART 



A0-A16 \^ 


X 




*AS 




*AH 












t CEH 


1/ 






CE W/Z/Z/^r 


l CES 


« 




CE / //////////fh. 






w/ 


W 
















OE / 






\ 


A 






l DF 


2 








*" 




~" 






1 k Dr -i 






















M 


D IN 


STABLE \ / D 0UT 


















l DS 






l DH 












N 




x pw 


? 








PGM 


- 


/ 














'» W//////A 


r 


t VS 

























Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul- 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TG571 0000-15, -20, -200, *25 
TC571001D-15, -20, -200, -25 



[ERASURE CHARACTERISTICS] 

The TC571000D/TC571001D's erasure is achieved by applying shortwave ultraviolet 
light which has a wavelength of 2537A (Angstroms) to the chip through the trans- 
parent window. Then integrated dose (Ultraviolet light intensity [W/cm 2 ] * exposure 
time [sec*]) for erasure should be a minimum of 15 [W • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis- 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yW/cm 2 ] 
will reduce the exposure time to about 20 minutes. (In this case, the integrated 
dose is 12000 [pW/cm 2 ] x (10 * 60) [sec] = 15 [W • sec/cm 2 ] .) 

The TC571000D/TC571001D's erasure begins to occur when exposed to light with 
wavelength shorter then 4000A. The sunlight and the flourescent lamps will include 
3000^A000A wavelength components. Therefore when used under such lighting for 
extended periods of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - 
are available. 



OPERATION INFORMATION 



The TC571000D/TC571001D's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



^^ — ~^__ 


PGM 


CE 


OE 


v PP 


v C c 


00^07 


POWER 


READ 
OPERATION 

(Ta=-40^85°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


E 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta=25±5 c C) 


Program 


L 


L 


H 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


•k 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program Verify 


H 


L 


L 


Data Out 



Note: H; V ra , L; V IL , *; V IH or V a 
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TC571O0OD-15, -20, -200, -25 
TC571 0010-15, -20,-200, -25 



READ MODE 



The TC571000D/TC571001D has three control functions. The chip enable (CE) controls 

the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 

independent of device selection. 

Assuming in that CE^OE-Vil and PGM^Vjh. the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (t^) is equal to the address access time (t AC ^) . 

Assuming that CE=V IL , PGM=V IH and all addresses are valid, the output data is valid 

at the outputs after tQ£ from the falling edge of OE. 

And assuming that CE=OE ss V IL and all addresses are valid, the output data is valid 

at the outputs after tpQ^ from the rising edge of PGM. 



OUTPUT DESELECT MODE 



Assuming that CE=Vjjj or OE=Vj H , the outputs will be in a high impedance state. 
So two ormore ROMs can be connected together on a common bus line. 
When CE" is decoded for device selection, all deselected devices are in low power 
standby mode. 



[STANDBY MODE] 

The TC571000D/TC571001D has a low power standby mode controlled by the UI signal. 
By applying a high level to the CE input, the TC571000D/TC571001D is placed in the 
standby mode which reduce the operating current to lOOyA by applying MOS-high level 
( V CC) anc ^ then the outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC571000D/TC571001D are in the 

"1" state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC571000D/TC571001D can be programmed 

any location at anytime either individually, sequentially, or at random. 
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TC57180OD-15,-2O,-20O f «25 
TC571WID-15, -20/-2t0, -25 



1 PROGRAM VERIFY MODE! 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE and CE at Vjl an <* PGM at Vjh- 



PROGRAM INHIBIT MODE 



Under the condition that the program voltage (+12. 75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC571000D/TC571001D from being programmed. 
Programming of two or more EPROMs in parallel with different data is easily ac- 
complished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired device 
only and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAM OPERATION 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the Vpp terminal with V CC =6.25V and PGM=Vxh» 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then programmed data is verified. This should be repeated until the program operates 

correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with Vcc=Vpp=5V, 
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TC57 10000-1 5, -20, -200, -25 
TC571 0010-15, -20,-200, -25 



HIGH SPEED PROGRAM OPERATION 
FLOW CHART 



( START J 



V cc - 6.2 5±0.2 5V 
V pp - 1 2.7 5± 0.2 5 V 




( PASS ) 
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105710000-15,-20,-200,-25 
TC5710010-15, -20, -200, -25 



[ELECTRIC SIGNATURE MODE] 

Electric signature mode allows to read out a code from TC571000D/TC571001D which 
identifies it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571000D/TC571001D by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjx, i n read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
V IH . These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC571000D/TC571001D. 



^ - — -^____^ PINS 
SIGNATURE ~~~" —- —__ 


A0 


07 


06 


05 


04 


03 


02 


01 


00 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


TC571000D 


VlH 


1 














1 


1 





86 


TC571001D 

















1 


1 


1 


07 



Notes: A9=12V±0.5V 

A1^A8, A10^A16, CE, 0E=VIL 
PGM=Vih 
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TC571000D-15, -20, -200,-25 
TC571001D-15, -20, -200, -25 



[OUTLINE DRAWINGS! 



Unit in mm 



32 



17 



RO.64 



> 



MARK 



I I 



2.54MA%. 




4 2.0-0.5 



^* " 



END R100 



16 




-H 



0.3 8 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 32 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC571024D-15> TC571024D-20, TC571024D-200 

IDESCRIPTIONI 

The TC571024D is a 65,536 word x 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC571024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC571C24D is fabricated with the CMOS technology. Advanced circuit techniques pro- 
vide both high speed and lowpower features with a maximum operating current of 40mA/ 
6.7MHz and access time of 150ns/200nc. 

The programming times of the TC571024D except overhead times of EPROM programmer 
is only 7 seconds by using the high speed programming algorithm. 



FEATURES 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Fast access time 





TC571024D-15 


TC571024D-20 


TC571024D-200 


Ta 


0^70°C 


-40^85°C 


v C c 


5V±5% 


5V±10% 


C ACC 


150ns 


200ns 



IP IN CONNECTION | (TOP VIEW) 



Low power dissipation 

Active : 4 0mA/ 6.7MHz 
Standby: lOOyA 

Single 5V power supply 

Full static operation 

High speed programming operation: 

tpw 0.1ms 

Input and output TTL compatible 

JEDEC standard 40 pin: TC571024D 

Standard 40 pin DIP cerdip package 



v??C 

LIS C 
D14 C 
3)13 C 
D12 C 
Dll C 
DID C 
D9 C 
D8 C 

^ssC 

D7 
D6 



9 
10 
11 
12 
13 

D5 dl4 
D4 C 15 
D3 C16 
D2 C 17 
Dl £1Q 
DO Cl9 
OE C20 



40DVCC 
39 3T5E 
38 3K.C. 
37DA15 
35 3A14 
35DA13 
34 3A12 
33 3A11 
32DA1D 
31DA9 

30D V SS 
29 3A8 
2SDA7 
27 3A6 
26 3A5 
25 3A4 
24DA3 
23 3A2 
22 DAI 
21 DAD 



|PIN NAMES | 


A0 * A15 


Address Inputs 


DO ~ D15 


Outputs (Inputs) 


CE 


Chip Enable Input 


0E 


Output Enable Input 


PGM 


Program Control Input 


V CC 


VCC Supply Voltage 


v PP 


Program Supply Voltage 


vss 


Ground 


N.C. 


No Connection 
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TC571024D-15, TC571024D-20, TC571024D-200 



BLOCK DIAGRAM 



OE < 

C~E < 

PW ( 



Vpp GND V cc 

? T ? 



32 CE pgm 
CIRCUIT 



AO 0— 
Al — 




A2 0— 




A3 — 


CO 
X 
B3 


A4 O— 


A5 O— 


E- 


A6 C— 


a 


A7 C— 


a 


A8 O— 


to 


A9 C— 


CO 

H 


A10O— 


a 


A110 — 


Q 


A12C— 


< 


A13 0— 




A14 — 




A150 








(MODE SELECTION | 



°0 °1 °2 °3 °4 °5 °6 °7 Ob 9 10 11 12 13 l4 1 5 



OUTPUT BUFFERS 



COLUMN 
DECODER 



COLUMN I/O CIRCUIT 



10 



ROW 
DECODER 



1024 



MEMORY CELL ARRAY 
65536 X 16 bits 



^~^-^__^ PIN 

MODE ^^"^^--^^ 


CE 


OE 


PGM 


Vpp 


vcc 


D ^ D 15 


POWER 


Read 


L 


L 


H 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


* 


High Impedance 


Standby 


H 


* 


* 


High Impedance 


Standby 


Program 


L 


* 


L 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


* 


* 


High Impedance 


L 


H 


H 


Program Verify 


L 


L 


H 


Data Out 



* H or L 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vqq Power Supply Voltage 


-0.6 * 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6 * 14.0 


V 


VIN 


Input Voltage 


-0.6 * 7.0 


V 


VlN (A9) 


Input Voltage (A9) 


-0.6 * 13.5 


V 


vi/o 


Input/Output Voltage 


-0.6 * Vcc+0.5 


V 


P D 


Power Dissipation 


1.5 


w 


T S0LDER 


Soldering Temperature Time 


260 • 10 


°C'sec 


T STRG 


Storage Temperature 


-65 * 125 


°C 


T OPR 


Operating Temperature 


-40 * 85 


°C 
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TC571024D-15, TC571024D-20, TC571024D-200 



I READ OPERATION 



AC/DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC571024D-15 


TC571024D-20 


TC571024D-200 


Ta 


Ambient Temperature 


0^70°C 


-40-u85°C 


v C c 


Vqq Power Supply Voltage 


5V±5% 


5V±10% 


V PP 


Vpp Power Supply Voltage 


V CC -0.6V^V CC +0.6V 


V CC -0.6V^ Vqq+0.6V 



D.C. end 


OPERATING CHARACTERISTICS 














SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


X LI. 


Input Current 


V IN -(KV CC 


- 


- 


±10 


PA 


X CC01 


Operating Current 


CE=0V 
ToUT =0mA 


^ycle^ 150115 


- 


- 


40 


mA 


I CC02 


t cycle s=1 ViS 


- 


- 


20 


I CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


I CCS2 


CE=V CC -0.2V 


- 


- 


100 


PA 


V IK 


Input High Voltage 


- 


2.2 


- 


V cc +0.3 


V 


>v II 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


v 0E 


Output High Voltage 


I QH =-400pA 


2. A 


- 


- 


V 


Vl 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I??l 


V PP Current 


Vpp=V cc ±0.6V 


- 


- 


±10 


uA 


Tlo 


Output Leakage Current 


V OUT =O.AV%V CC 


- 


- 


±10 


PA 



.C. CHARACTERISTICS (V P p=v C c±o.6V) 



SY>30L 


PARAMETER 


TC571024D-15 


TC571024D-200/-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


r ACC 


Address Access Time 


- 


150 


- 


200 


ns 


~CZ 


CE to Output Valid 


- 


150 


- 


200 


t OE 


OE to Output Valid 


- 


70 


- 


70 


tDFl 


CE to Output in High-Z 





60 





60 


t DF2 


OE to Output in High-Z 





60 





60 


tQH 


Output Data Hold Time 





- 





- 



A.C. TEST CONDITIONS 

Output Load : 1 TTL Gate and C^lOOpF 

Input Pulse Rise and Fall Times : 10ns Max. 

Input Pulse Levels : 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571024D-15, TC571024D-20, TC571024D-200 



CAPACITANCE *(Ta«25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


V IN =0V 


- 


6 


10 


pF 


c OUT 


Output Capacitance 


v OUT =ov 


- 


10 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0-A15 



oo~:_ 



X 



^cs 



I r OE 



X 



t OH 



DATA OUTPUTS 



Z DT1 



l DTZ 
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TC571024D-15, TC571024D-20, TC571 0240-200 



[HIGH SPEED PROGRAM OPERATION! 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


V cc +0.3 


V 


V IL 


Input Low Voltage 


-0.3 


- 


0.8 


V CC 


Vqq Power Supply Voltage 


6.00 


6.25 


6.50 


Vpp 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 



D.C. AND 


OPERATING CHARACTERISTICS (T 


a=25±5 e C, Vcc=&.. 


25±0.25V, V pp =12.75±0. 


25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin«0 * V CC 


- 


- 


±10 


VA 


v OH 


Output High Voltage 


IOH c -400pA 


2. A 


- 


- 


V 


vol 


Output Low Voltage 


IOL-2.1mA 


- 


- 


0.4 


V 


X CC 


V CC Supply Current 


- 


- 


- 


40 


mA 


Ipp2 


Vpp Supply Current 


Vpp-13.0V 


- 


- 


100 


mA 



A.C. D ROGRAMM T MG C L iARACT rDT<:: T T CS / T= = °5±5 C, C Vrr«6.25±0.25V 



tn o^tt\ 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


r AS 


Address Setup Tine 


- 


2 


_ 




US 


~AE 


Address Hold Time 


- 


2 


- 




us 


trrc 


CE Setup line 


- 


2 


- 


- 


us 


L CZH 


CE Hold Tine 


- 


2 


- 




vs 


Z DS 


Data Setup Time 


- 


2 


- 




PS 


r DE 


Data Hold Time 


- 


2 


- 




PS 


r VS 


Vpp Setup Time 


- 


2 




- 


ys 


~?v 


Program Pulse Width 


- 


0.095 


0.1 


0.105 


ms 


r OE 


OE to Output Valid 




- 


- 


500 


ns 


t UF2 


OE to Output in High-Z 


OE*Vil 


- 


- 


150 


ns 


tOES 


OE Setup Time 


- 


2.0 


- 


- 


us 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L (lOOpF) 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 



TIMING CHART 



— y^ 




dc— oi5 ui;ei;own ^ <T 



D IN STABLE 



j) <Td UT V ALID ^ 



m. 



Z VS 



Kote: 1. Yqq must be applied simultaneously or before Vpp and cut off simul- 
taneously or after Vpp. 

2. Reinoving the device from socket and setting the device in socket xcith 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 



The TC571024D erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure time [sec.]) 
for erasure should be a minimum of 15 [W.» sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 
minutes. And using commercial lamps whose ultraviolet light intensity is a 12000 
[uW/cm 2 ] will reduce the exposure tine to about 20 minutes. (In this case, the 
integrated dose is 12000 [uW/cm 2 ] * (20x60) [sec] s 15 [W • sec/cm 2 ].) 
The TC571024D erasure begins to occur when exposed to light with wavelength shorter 

o e 

than 4000A. The sunlight and the flourescent lamps will include 3000^4000A wave- 
length components. Therefore when used under such lighting for extended periods 
of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 



OPERATION IlirORKATIOK; 



The TC3?102^D sLz operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 





MODI ^"""\^ 


CE 


OE 


PGM 


v PP 


v cc 


DO *w D15 


POWER 


READ 

OPERATION 


Read 


L 


L 


H 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


* 


Eigh Impedance 


Standby 


H 


* 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta=25±5°C) 


Program 


L 


* 


L 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


* 


* 


High Impedance 


L 


H 


H 


Program Verify 


L 


L 


K 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 
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{READ MODE! 



The TC571024D has three control functions. The chip enable (CE) controls the 

operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 

Assuming in that CF«OE=Vil and PGM~Vxh» the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (tQ£) is equal to the address access time (t^cc) • 

Assuming that CE=V IL , PGM=Vxh and all addresses are valid, the output data is valid 

at the outputs after tQ£ from the falling edge of OZ. 



OUTPUT DESELECT MODE 



Assuming that CE=Vjg or OE=Vj£, the outputs will be in a high impedance state. 
So two or more ROMs can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 



ISTANDBY MODE 



The TC571024D has a low power standby mode controlled by the ~CE~ signal. 
By applying a high level to the CE input, the TC571024D is placed in the standby 
mode which reduce the operating current to lOOuA by applying M05-high level (Vqc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 



i PROGRAM MODE 



Initially, when received by customers, all bits of the TC571024D are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC571024D can be programmed any 

location at anytime- either individually, sequentially, or at random. 
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PROGRAM VERIFY MODE 



The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE at Vjl and PGM at Vjjj. 



! PROGRAM INHIBIT MODE 



Under the condition that the program voltage (+12. 75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC571024D from being programmed. 
Programming of two or more EPROMS in parallel with different data is easily 
accomplished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE" and PGM of the desired 
device only and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAM OPERATION 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the Vpp terminal with V CC «6.25V and FQi^Vrg. 

The programming is achieved by applying a single TTL low level 0.1 ms pulse the PGM. 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 

and then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with Vcc ss Vp p =5V. 
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HIGH SPEED PROGRAM OPERATION 
FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



C START ^ 



V cc = 6 25±Cl25V 
V pp = 12. 75 ± a 25 V 



ADDRESS 

= START ADDRESS 



program: TPw=aims 



Z= X-f 1 




Q fail ^ 
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! ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC571024D which identifies 
it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571024D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vxl in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set 
to V-£ H . These two codes possess an odd parity with the parity bit of (O7). 
The following table shows electric signature of TC571024D. 



^^--^^ PINS 

SIGNATURE^-— ^ 


Ao 


°15 


°!4 


°13 


12 


Oil 


°10 


9 8 


0? 


06 


05 


04 


03 


2 


01 


oo 


HEX. 
DATA 


Manufacture Code 


V IL 


1 * 


•!• 


* 


* 


* 


* 


* 


1 








1 


1 











**98 


Device Code 


VlH 


* 


* 


* 


* 


rt 


* 


* 


* 














1 











**08 



Notes: A9=12V±0.5V, Al ^A8, A1C ^A15, CE, 0E«Vil, PGM-Vih 



': Don't Care 



D.C. AND 


OPERATING CHARACTERISTICS 










SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V ID 


A9 Auto Select Voltage 


11-5 


12.0 


12.5 


V 
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OUTLINE DRAWINGS 



Unit in mm 



52.07 + Q3 




15.51±Q1 



I I 2.54±a25 



1 



16.75±Q38 



a46 



Note 2 



Note 1 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No. 40 
leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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DESCRIPTION! 



The TC57400QD is a 524,288 word * 8 bit CMOS ultraviolet light erasable and electriccally 
programmable read only memory. For read operation, the TC574000D's access time is 150ns, 
and the TC574000D operates from a single 5-volt power supply and has low power standby 
mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 50mA/6.7MHz and standby 
current to lOO^A. For program operation, the programming is achieved by using the high 
speed programming mode. TC574000D is fabricated with the CMOS technology and the N- 
channel silicon double layer gate MOS technology. 



FEATURES 



Peripheral circuit: CMOS 

Memory cell : N-MOS 
Access time 





-15 | -20 


v Cc 


5V=10" 


Temp 


CW0 o C 


t ACC 


150ns 


200ns 



• Low power dissipation 

Active : 50mA/6.7MHz 
Standby: lOOyA (Ta=70°C) 

• High speed programming operation 

• Single 5V power supply 

• Full static operation 

• Input and output TTL compatible 

• JEDEC standard 32 pin 

• Standard 32 pin DIP cerdip package 



] PIN CONNECTION j (TOP VIEW) 



vpp ai 

Alb | 
A15 i 
A 1 2 

A7 

A6 

A5 

A4 

A3 

A 2 

Al 

A0 

DO ti 13 

Dl C 14 

D2 ij 15 
GND i 



22 3 VCC 



31 ] 



A18 
P A17 

.VI 4 

A13 

A8 
3 A9 
3 AH 
3 OE 
3 A10 
3CE 
3D7 
3 D6 
3 D5 
3D4 
3 D3 



PIN NAMES) 



A0^ A18 


Address Inputs 


D0^ D7 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


VCC 


Vcc Supply Voltage 


vpp 


Program Supply Voltage 


GND 


Ground 
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BLOCK DIAGRAM! 



OEC 
CEC 

AO < 

Al < 

A2 < 

A3 ( 

A4 < 

A5 < 

A6 ( 

A7 <■ 

A8 ( 

A9'C 

A10 < 

All ( 

A12 « 

A13 ( 

A14 < 

A15 < 

A16 ( 

AIT < 

Al 8 ' 



Vpp GND Vdd O0 01 ° 2 03 04 05 06 07 

T T f T-TTTTTTT 



OE.CE 

CI RCUIT 



10 



COLUMN 
DECODER 



ROW 
DECODER 



OUTPUT BUFFERS 



512 



1024 

—A — ■ 



T 



CULUMN I/O 
CIRCUIT 



MEMORY CELL 

ARRAY 
524,288x8bits 



MODE SELECTION 



^ "^— ^__ PIN 

MODE ^-- — ___ 


CE 


OE 


Vpp 


v C c 


00^07 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


Hihh Impedance 


Standby 


Program 


L 


H 


12.50V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 




L 


Data Out 



H or L 



MAXIMUM RATINGSl 










SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 


Vcc Power Supply Voltage 


-0.6^ 7.0 


V 


Vpp 


Program Supply Voltage 


-0.6 ~ 14.0 


V 


VlN 


Input Voltage 


-0.6 ~ 7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6% Vcc+0.5 


V 


PD 


Power Dissipation 


1.5 


w 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C-sec 


TSTRG 


Storage Temperature 


-65% 125 


°C 


TOPR 


Operating Temperature 


CWO 


°c 
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READ OPERATION! 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


V cc +0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V CC Power Supply Voltage 


4.50 


5.00 


5.50 


V 


vpp 


Vpp Power Supply Voltage 


Vcc-0.6 


v C c 


V cc +0.6 


V 



DC AND OPERATING CHARACTERISTICS 


(Ta= 0^70°C) 












SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


UA 


I CC01 


Operating Current 


CE=0V 
iQU^OmA 


f=6.7MHz 


- 


- 


50 


mA 


I CC02 


f*lMHz 


- 


- 


15 


I CCS1 


Standby Current 


CE=Vih 


- 


- 


1 


mA 


^052 


CE=V CC -0.2V 


- 


- 


100 


uA 


V H 


Output High Voltage 


I O H = "-^00yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


x ppi 


Vpp Current 


V pp =V cc ±0.6V 


- 


- 


±10 


ViA 


lLO 


Output Leakage Current 


V UT=0.4V^V CC 


- 


- 


10 


uA 



AC CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC574000D-15 


TC574000D-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=V IL 


- 


150 


- 


200 


ns 


C CE 


CE to Output Valid 


0E=V IL 


- 


150 


- 


200 


ns 


t OE 


OE to Output Valid 


CE=V IL 


- 


70 


- 


70 


ns 


tDFl 


CE to Output in High-Z 


0E=V IL 





60 





60 


ns 


C DF2 


OE to Output in High-Z 


CE= V IL 





60 





60 


ns 


tQH 


Output Data Hold Time 


CE=0E=Vil 





- 





- 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V % 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 
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CAPACITANCE (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


v IN -ov 


- 


A 


8 


pF 


C OUT 


Output Capacitance 


v OUT =ov 


- 


10 


12 



* This parameter is periodically sampled is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0-A18 



/////7////A _ 


t C E 






//////// 




" //////////Mr 




//////////////////////, 


i 


, l OE 






l DFl , 






/i 




"" 


- ////////////A 


W'////////////////// 


I 


l ACC 






t DF2 






mrM 








HIGH Z 


^ DAT, OUTPL- " 


W/// 


\high z 




Wm 






/ 
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[HIGH SPEED PROGRAM OPERATION! 

DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


vcc 


Vcc Power Supply Voltage 


6.00 


6.25 


6.50 


V 


Vpp 


Vp P Power Supply Voltage 


12.20 


12.50 


12.80 


V 


DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25±0.25V, V pp =12.5t}±0. 30V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


PA 


V H 


Output High Voltage 


IOH=-400uA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


ice 


V CC Supply Current 


- 


- 


- 


50 


mA 


IPP2 


V PP Supply Current 


V PP =12.8V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 


AC PROGRAMMING CHARACTERISTICS (Ta=25r5°C, V CC =6.25±0.25V, V PP =12.50±0.30V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


C AH 


Address Hold Time 


- 


2 


- 


- 


us 


t CES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


t DS 


Data Setup Time 


- 


2 


- 


- 


ps 


C DH 


Data Hold Time 


- 


2 


- 


- 


Us 


tVPS 


V PP Setup Time 


- 


2 


- 


- 


ps 


c vcs 


V CC Setup Time 


- 


2 


- 


- 


Us 


tpw 


Program Pulse Width 


CE=V IL , OE=V IH 


45 


50 


55 


ps 


tOE 


OE to Output Valid 


CE-Vih 


- 


- 


100 


ns 


tDFP 


OE to Output in High-Z 


CE«V IH 


- 


- 


90 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^ 2.4V 

Input 0.3V and 2.2V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 



HIGH SPEED PROGRAM OPERATION 



A0-A18 



00-0 7 



v C c 




Note 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.50V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 



The TC574000D*s erasure is achieved by applying shortwave ultraviolet light which has 

a wavelength of 2537& (Angstroms) to the chip through the transparent window. 

Then integrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 

erasure should be a minimum of 15 [w sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 

of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 

reduce the exposure time to about 20 minutes. (In this case, the integrated does is 

12000 [yw/cm 2 ] x (20 x 60) [sec] £15 [w sec/cm 2 ]. ) 

The TC574000D's erasure begins to occur when exposed to , light with wavelength shorter 

than 4000A. The sunlight and the fluorescent lamps will include 3000^4000A wavelength 

components. Therefore when used under such lighting for extended periods of time, the 

opaque seals-Toshiba EPROM Protect Seal AC902-are available. 



OPERATION INFORMATION 



The TC574000D T s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



~—- -^____K[N NAMES (NUMBER) 

MODE ~-— — — --_ ___ 


CE 
(22) 


OE 
(24) 


vpp 

(1) 


v C c 

(32) 


00^07 
(13^ 15, 17a, 21) 


POWER 


Read Operation 
(Ta= ^70 °C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 




H 


High Impedance 


Standby 


H 




High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


12.50V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH , L; V IL , 



VlH or V IL 



READ MODE 



The TC574000D has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. The output enable (OE) control the 
output buffers, independent of device selection. Assuming that CE=0E=Vjl, the output 
data is valid at the outputs after address access time from stabilizing of all ad- 
dresses. The CE to output valid (t^g) is equal to the address access time (t^cc) • 
Assuming that CE=Vxl and all addresses are valid, the ouptut data is valid at the 
outputs after tQ£ from the falling edge of OE. 



OUTPUT DESELECT MODE 



Assuming that CE=V T h or 0E=V T h> the outputs will be in a high impedance state. So two 
or more TC574000D ! s can be connected together on a common bus line. When CE is decoded 
for device selection, all deselected devices are in low power standby mode. 
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STANDBY MODE 



The TC574000D has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE" input, the TC574000D is placed in the standby mode which reduce 
the operating current to lOOuA by applying MOS-high level (Vqq) and then the outputs 
are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC574000D are in the "1" state 
which is erased state. Therefore the program operation is to introduce "0 f s M data into 
the desired bit locations by electrically programming. The TC574000D is in the program- 
ming mode when the Vpp input is at 12.50V and CE is at TTL-Low under OE=V^y. 
The TC574000D can be programmed any location at any time either indivicually, 
sequentially, or at rondom. 



PROGRAM VERIFY MODE 



The verify mode is to check that desired data is correctly programmed on the programmed 
bits. The verify is accomplished with OE at Vj^. 



PROGRAM INHIBIT MODEI 



Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a 
high level CE input inhibits the TC574000D from being programmed. 

Programming of two or more TC574000D T s in parallel with different data is easily ac- 
complished. That is, all inputs except for CE and OE may be commonly connected, and 
a TTL low level program pulse is applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 



HIGH SPEED PROGRAM MODE 



The device is set up is the high speed programming mode when the programming voltage 

(+12. 50V) is applied to the V PP terminal with V CC =6.25V. 

The programming is achieved by applying a single TTL low level 50us pulse to the CE input 

after addresses and data are stable. Then the programmed data is verified by using 

Program Verify Mode. If the programmed data is not correct, another program pulse of 

lms is applied and then the programmed data is verified. This should be repeated until 

the program operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 

width of 1 time more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified with 

V cc = Vp p=5V. 
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HIGH SPEED PROGRAM MODE 
FLOW CHART 




ADDRESS = 
NAXT ADDRESS 



OVERPROGRAM X PULSES OF 50 jll s 
OR ONE PULSE OF SOX Ms DURATION 




(pass 3 



H-129- 



TC574000D-15,;20 



ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC574000D which identifies 

its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TC574000D by using this mode before program operation and automatically set program 

voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest 

of address lines is set to V-j--^ in read operation. Data output in this conditions is 

manufacturer code. Device code is identified when address AO is set to V 



IH- 



These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC574000D. 



^^--^^^ PINS 
S IGN ATURE^"*^^-^^ 


AO 
(12) 


07 
(21) 


06 
(20) 


05 
(19) 


04 
(18) 


03 
(17) 


02 
(15) 


01 

(14) 


00 
(13) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 


1 











1 


1 








8C 



Notes: A9=12V±0.5V 

A1^A8, A10^A18, CE, 0E=V IL 
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OUTLINE DRAWINGS 



Unit in mm 



32 

m r-. m m r 








17 
i-i r-i n 




> 








J 


CO 

© 

-H 
to 

tJD 


r -J 


a- 

H 
O 
to" 






1 


1 6.0 TYP. 




16 






4 2.0 ±0.5 




Note: Package width and length do not include mold protrusion, allox^able mold 
protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC57H256D-70, TC57H256D-85 



DESCRIPTION 



The TC57H256D is a 32,768 word x 8 bit CMOS ultrabiolet light erasable and electri- 
cally programmable read only memory. For read operation, the TC57H256D , s access time 
is 70ns, and the TC57H256D operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 50mA/14.2MHz and stand- 
by current to lOOuA. For program operation, the programming is achieved by using the 
high speed programming mode. For program operation, the programming is achieved by 
using high speed programming mode. TC57H256D is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MOS technology. 



FEATURES 



Peripheral circuit: CMOS 
Memory cell : N-MOS 





-70 


-85 


v C c 


5V±5% 


5V±10% 


t ACC 


70ns 


85ns 



Full static operation 

High speed programming mode 

Inputs and outputs TTL compatible 

Pin compatible with ROM TC53257P, TMM23256P, 

TMM27256AD and TC57256AD 
Standard 28 pin DIP cerdip package 



Single 5V power supply 



BLOCK DIAGRAM 



PIN CONNECTION 



(TOP VIEW) 




OE 

CE~ 

A0 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

Al 3 

A14 



Vpp GND Vcc 

? ? ? 




O0 01 02 03 04 05 06 07 


oe.ce" circuit 




OUTPUT BUFFERS 





1 


6 






64 


* 




2 

a 

§ 

CO 
CO 

a 
ce 

Q 

3 


COLUMN 
DECODER 


COLUMN lyO 
CIRCUIT 




9 


512 








.> 
-' 


O— 


ROW 
DECODER 


EMEORY CELL 

ARRAY 
3 2,7 6 8X8 bits 


o— 
o— 


\ m 


\ * 


o— 











PIN NAMES] |MODE SELECTION 










AO* A1A 


Address Inputs 


^"-^ -~^_ PIN 

MODE ^-— ^_ 


CE 
(20) 


OE 
(22) 


vpp 

(1) 


vcc 

(28) 


00^07 
(11*13, 15*19) 


POWER 


00*07 


Outputs (Inputs) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


CE 


Chip Enable Input 


Output Deselect 


* 


H 


High Impedance 


OE 


Output Enable Input 


Standby 


H 


* 


High Impedance 


Standby 


vpp 


Program Supply 
Voltage 


Program 


L 


H 


125V lJ 

2) 
12.75 V 


l) 
6V 

2) 
6.25V 


Data In 


Active 


v C c 


V CC Supply Voltage 
(+5V) 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 


GND 


Ground 


* H or L 1): HIGH SPEED PROGRAM MODE I 






2): HIGH SPEED PROGRAM MODE TT 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vcc Power Supply Voltage 


-0.6^7.0 


V 


Vpp 


Program Supply Voltage 


-0.6^14.0 


V 


VlN 


Input Voltage 


-0.6^7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6 ^Vcc+O.5 


V 


Pd 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


t STG 


Storage. Temperature 


-65^125 


°C 


c OPR 


Operating Temperature 


O'WO 


°C 



READ OPERATION 



D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 




SYMBOL 


PARAMETER 


TC57H256D-70 


TC57H256D-85 


Ta 


Operating Temperature 


0^70°C 


0%70°C 


vcc 


Vcc Power Supply Voltage 


5V±5% 


5V±10% 


Vpp 


Vpp Power Supply Voltage 


VCC-0-6V ^Vcc+0.6V 


Vcc-0.6V^V C c+0.6V 



D.C. AND OPERATING CHARACTERISTICS 














SYMBOL 


PARAMETER 


CONDITION 


NIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin=0 'vVcc 


- 


- 


±10 


uA 


lLO 


Output Leakage Current 


VoUT=0.A 'uVcc 


- 


- 


±10 


uA 


I CC01 


Operating Current 


CE=0V 
IOUT-OmA 


f=*14.2MHz 


- 


- 


50 


mA 


I CC02 


f-lMHz 


- 


- 


20 


I CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


I CCS2 


CE=V CC -0.2V 


- 


- 


100 


yA 


VlH 


Input High Voltage 


- 


2.2 


- 


Vcc+0.3 


V 


VIL 


Output Low Voltage 


- 


-0.3 


- 


0.8 


V 


V OH 


Output High Voltage 


IqH^OAOOuA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


IOL^ 2 - 1 ^ 


- 


- 


0.4 


V 


J PP1 


Vpp Current 


V P p=Vcc-0 . 6 ^ Vcc+0 • 6 


- 


- 


±10 


PA 
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A.C. CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC57H256D-70 


TC57H256D-85 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=V IL 


- 


70 


- 


85 


ns 


tCE 


CE to Output Valid 


OE-V IL 


- 


70 


- 


85 


ns 


C 0E 


OE to Output Valid 


CE=V IL 


- 


40 


- 


45 


ns 


tDFl 


CE to Output in High-Z 


OE=V IL 





30 





30 


ns 


tDF2 


OE" to Output in High-Z 


CE=V IL 





30 





30 


ns 


tOH 


Output Data Hold Time 


CE=OE=V IL 


5 


- 


5 


- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C^lOOpF 

10ns Max. 

0.45V "u 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE *(Ta=25°C, f»lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


VlN-OV 


- 


4 


6 


PF 


c 0UT 


Output Capacitance 


v OUT =ov 


- 


8 


12 


pF 



This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 



A0-A14 



CE 



OE 



O0-07 



X 



l OH 



\\\\\ 


WW ,, l CE 










7? 




>\\\\\ 


\\\\4 


/Amy// 


'///////// 










t DYl 






// 








v\\\V 


\\\\\\\\ 1. 'OB 


W//// 


'////////, 


\\\\^ 


WWWWH 


'///////// 




i 
tACC 






tDF2 










* 






HIGH z A\\\\; 


DATA OUTPUTS M/7 


% 


S.HIGH Z 




S\WV\ 


/ 
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HIGH SPEED PROGRAM MODE I 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


vcc 


V CC Power Supply Voltage 


5.75 


6.0 


6.25 


V 


v PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. and OPERATING CHARACTERISTICS (Ta-25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


UA 


V H 


Output High Voltage 


I 0H =400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


IOL =2 - lmA 


- 


- 


0.4 


V 


ice 


V CC Supply Current 


- 


- 


- 


40 


mA 


X PP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC «6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


fc AS 


Address Setup Time 


- 


2 


- 


- 


us 


tAH 


Address Hold Time 


- 


2 


- 


- 


us 


tCES 


CE Setup Time 


- 





- 


- 


US 


C CEH 


CE Hold Time 


- 





- 


- 


us 


c 0ES 


OE Setup Time 


- 


2 


- 


- 


US 


C DS 


Date Setup Time 


- 


2 


- 


- 


us 


C DH 


Data Hold Time 


- 


2 


- 


- 


us 


C VPS 


Vpp Setup Time 


- 


2 


- 


- 


US 


c vcs 


V cc Setup Time 


- 


2 


- 


- 


US 


C PW 


Initial Program Pulse Width 


CE=V IL , 0E=V IH 


0.95 


1 


1.05 


ms 


c OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


C 0E 


OE to Output Valid 


CE-Vih 


- 


- 


100 


ns 


tDFP 


OE to Output in High-Z 


CE=Vih 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels # 

• Timing Measurement Reference Level 

Note 1: 



1 TTL Gate and CL(lOOpF) 

10ns Max. 

0.45VV2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 



The length of the overprogram pulse may vary as a function of the counter 
value X. 
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HIGH SPEED PROGRAM OPERATION E 



D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V CC 


Vcc Power Supply Voltage 


6.00 


6.25 


6.50 


V 


V PP 


Vpp Power Supply Voltage * 


12.50 


12.75 


13.00 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25±0.25V, Vpp=12.75±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


uA 


VOH 


Output High Voltage 


I 0H =-400yA 


2.4 


- 


- 


V 


VOL 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I CC 


VcC Supply Current 


- 


- 


- 


40 


mA 


Ip P2 


V PP Supply Current 


V PP =13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta 


=25±5°C, V C c=6.25±0 


.25V, V P p<L2.75±0.25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


US 


tAH 


Address Hold Time 


- 


2 


- 


- 


ys 


C CES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


CDS 


Data Setup Time 


- 


2 


- 


- 


us 


C DH 


Data Hold Time 


- 


2 


- 


- 


us 


C VPS 


Vpp Setup Time 


- 


2 


- 


- 


ys 


C VCS 


Vcc Setup Time 


- 


2 


- 


- 


yS 


fc PW 


Program Pulse Width 


CE=V IL , OE-V IH 


0.095 


0.1 


0.105 


ms 


c OE 


OE to Output Valid 


CE=V IH 


- 


- 


100 


ns 


C DFP 


OE to Output in High-Z 


CE=V IH 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 



HIGH SPEED PROGRAM MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 
HIGH SPEED PROGRAM MODE H (Vcc-6.25VtO.25V, V PP =12.5V±0.5V) 



A0-A14 



OE 



00-0 7 



*PP 



V CC 




Note 1. Vcc must be applied simultaneously or before V pp and cut off simultaneously 
or after V PP , 

2. Removing the device from socket and setting the device in socket with 
V pp =12.5V(12.75V) nay cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V Pp terminal, 
tfhen the switching pulse voltage is applied to the V PP terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 



The TC57H256D f s erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w. sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis- 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes.. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [y w/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [uw/cm 2 ] x (20 x60) [sec] a 15 [w-sec/cm 2 ] .) 

The TC57H256D r s erasure begins to occur when exposed to light with wavelength shorter 
than AOOOA. The sunlight and the flourescent lamps will include 3000^4000A wave- 
length components. Therefore when used under such lighting for extended periods of 
time, the opaque seals-Toshiba EPR0M Protect Seal AC901-are available. 



OPERATION INFORMATION 



The TC57H256D's six operation modes are listed in the following table. 
Mode selection can be achived by applying TTL level signal to all inputs. 



"" " — ■ — -^__PIN NAMES (NUMBER) 
MODE -__ 


CE 
(20) 


0E 
(22) 


Vpp 
(1) 


(28) 


00^07 
(11 ^13, 15 *19) 


POWER 


Read Operation 
(Ta«0^70°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


1) 
12.5V 

2) 
12.75V 


1) 

6V 
2) 

6.25V 


Data In 


Ac t ive 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH ; L; V IL ; *; V IH or V IL , 



1): 
2): 



HIGH SPEED PROGRAM MODE I, 
HIGH SPEED PROGRAM MODE IE 



READ MODE 



The TC57H256D has two control functions. The chip enable (CE) controls the operation 

power and should be_used for device selection. 

The output enable (0E) control the output buffers, independent of device selection. 

Assuming that CE=0E=Vil, the output data is valid at the outputs after address access 

time from stabilizing of all addresses. 

The CE to output valid (tQ£) is equal to the address access time (t^cc) * 

Assuming that CE=Vjl and all addresses are valid, the output data is valid at the 

outputs after tQE from the falling edge of OE. 



OUTPUT DESELECT MODE 



Assuming that CE=Vxh or 0E= V^ H , the outputs will be in a high impedance state. 
So two or more TC57H256D's can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 



- 1-9 - 



TC57H256D-70, TC57H256D-85 



STANDBY MODE^ 



The TC57H256D has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE" input, the TC57H256D is placed in the standby 
mode which reduce the operating current to lOOyA by applying MOS-high level (Vqq) 
and then the outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC57H256D are in the "1" 

state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The TC57H256D is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL- Low under OE^Vijj. 

The TC57H256D can be programmed any location at any time either individually, 
sequentially, or at random. 



PROGRAM VERIFY MODE 



The verify mode is to check that desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE at Vjl. 



PROGRAM INHIBIT MODE 



Under the condition that_the program voltage (+12. 5V or 12.75V) is applied to Vpp 
terminal, a high level CE input inhibits the TC57H256D from being programmed. 
Programming of two or more TC57H256D's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAM MODE I 



The program time can be greatly decreased by using this high speed programming mode, 

The device is set up is the high speed programming mode when the programming 

voltage (+12. 5V) is applied to the Vpp terminal with Vcc=6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Progara Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse 

with width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with V cc =Vpp=5V. 



- 1-10 



TC57H256D-70, TC57H2560-85 



HIGH SPEED PROGRAM MODE I 



FLOW CHART 



f START ) 



ADDRESS * 
START ADDRESS 



VCC-6V 



ADDRESS = 
NEXT ADDRESS 



V PP = 12.5 V 




YES 



X= 



PROGRAM 1ms PULSE 



X=X + 1 



NG 




YES 



OVERPROGR\M 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 
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[HIGH SPEED PROGRAM MODE JL\ 

The device is set up in the high speed programming mode when the programming 

voltage (+12. 75V) is applied to the V pp terminal with V CC =6.25V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the CE 

input after addresses and data are stable. Then the programmed data is verified 

by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 

and then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V cc «Vpp«5V. 
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HIGH SPEED PROGRAM MODE E 



FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



NG 



NO 



Q START ~) 



V cc = 6.2 5 ± 0.2 5 V 
V pp = 1 2.7 5 ±0.2 5 V 



ADDRESS 

= START ADDRESS 



X = 



PROGRAM: TPW= O.lms 



X = X+ 1 




(^ PASS J 



C fail ) 
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ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC57H256D which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer coce and device code from 
TC57H256D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl i* 1 read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vijj. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC57H256D. 



^^^^—-^^^ PINS 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(ID 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 





1 











1 





1 


45 



Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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[OUTLINE DRAWINGS] 



Unit in mm 



3 7.7 MAX. 




too 

r-tH 

do 
+ I 



10 rH 



^4. 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No. 28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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- 1-16 



TOSHIBA MOS MEMORY PRODUCTS 



TC57H1024D-85, -10 



DESCRIPTIC 



The TC57H1024D is a 65,536 word x 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC57H1024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC57H1024D is fabricated with the CMOS technology. Advanced circuit techniques provide 
both high speed and low power features with a maximum operating current of 40mA/lMHz 
and access time of 85ns/100ns. 

The programing times of the TC57H1024D except overhead times of EPROM programmer is 
only 7 seconds by using the high speed programming algorithm. 

FEATURES 



• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Fast access time 

TC57H1024D-85 : 85ns 
TC57H1024D-10 : 100ns 

• Low power dissipation 

Active : 40mA/lMRz 
Standby: lOOyA 



• Single 5V power supply 

• Full static operation 

• High speed programming operation: tpy 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 40 pin: TC57H1024D 

• Standard 40 pin DIP cerdip package 



1 PIN CONNECTION] (TOP VIEW) 



Vppc 

CEC 
D15C 
D14 C 
D13C 
D12 C 
Dll C 
D10C 

D9 C 

v ssC 

D7C 
D6 C 
D5 C 
D4C 
D3C 
D2 C 
DlC 
DO C 
OEC 



"\-/- 



40 DV CC 

39 3¥m 

38 3N.C. 

37DA15 
36 1A14 
35 DA13 
34 DA12 
33 DA11 
32 DA10 
31 DA9 
30DV SS 
29 3A8 
28DA7 
27DA6 
26 DA5 
25 DA4 
24DA3 
23DA2 
22 DAI 
21 DA0 



PIN NAMES) 








AO ^ A15 


Address Inputs 


DO ^ D15 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


v C c 


V CC S u Pp3.v Voltage 


V PP 


Program Supply Voltage 


vss 


Ground 


N.C. 


No Connection 
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TC57H1 0240-85, -10 



BLOCK DIAGRAM 



OEC 
CE C 

PGMC 



A0 C 

Al C 
A2 c 
A3 C 
A4 C 
A5 C 
A6 C 
A7 C 
A8 C 
A9 C 
A10 C 
All C 
A12 C 
A13 < 
A14 C 
A15C 



V PP GND V CC O Oj 02 3 4 5 6 7 8 9 O 10 "o^ 13 14 °15 



? ? ? 



OE CE PGM 
CIRCUIT 



10 



COLUMN 
DECODER 



ROW 
DECODER 



h ??m ? ? ?? ? n h 


OUTPUT BUFFERS 



64 



1024 



COLUMN I/O CIRCUIT 



MEMORY CELL ARRAY 
65536 x 16 bits 



IMODE SELECTION] 
















^^^^-__ PIN 

MODE ^ -__ 


CE 


OE 


PGM 


V P p 


vec 


D0^D15 


POWER 


Read 


L 


L 


H 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


* 


High Impedance 


Standby 


H 


* 


* 


High Impedance 


Standby 


Program 


L 


* 


L 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


* 


* 


High Impedance 


L 


H 


H 


Program Verify 


L 


L 


H 


Data Out 



* H or L 



I MAXIMUM RATlNGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


VCC 


V CC Power Supply Voltage 


-0.6^7.0 


V 


V PP 


Program Supply Voltage 


-0.6^14.0 


V 


VlN 


Input Voltage 


-0.6^7.0 


V 


VlN (A9) 


Input Voltage (A9) 


-0.6^13.5 


V 


Vl/O 


Input/Output Voltage 


-0.6^V cc +0.5 


V 


?D 


Power Dissipation 


1.5 


w 


T SOLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


T STRG 


Storage Temperature 


-65^125 


°C 


T OPR 


Operating Temperature 


0^70 


°C 
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TC57H1 0240-85,-10 



READ OPERATION 



AC/DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC57H1024D-85/10 


Ta 


Ambient Temperature 


0^ 70°C 


V CC 


Vcc Power Supply Voltage 


5V±5% 


vpp 


Vpp Power Supply Voltage 


OV-u V CC +0.6V 



DC and OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


ViN»0^V C c 


- 


- 


±10 


pA 


icco 


Operating Current 


CE^OV 
iQU^OmA 


t cycle =lus 


- 


- 


40 


mA 


^CSl 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


^CSl 


CE-V CC -0.2V 


- 


- 


100 


yA 


VlH 


Input High Voltage 


- 


2.2 


- 


Vcc+0.3 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


V H 


Output High Voltage 


I OH =-400pA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


V PP =V CC ±0.6V 


- 


- 


±10 


yA 


lLO 


Output Leakage Current 


V OUT =0.4V^V C C 


- 


- 


±10 


yA 



AC CHARACTERISTICS (V PP =0V % V C c+0.6V) 



SYMBOL 


PARAMETER 


TC57H1024D-85 


TC57H1024D-10O 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


85 


- 


100 


ns 


tCE 


CE to Output Valid 


- 


85 


- 


100 


t OE 


OE to Output Valid 


- 


45 


- 


50 


tDFl 


CE to Output in High-Z 





30 





50 


C DF2 


OE to Output in High-Z 





30 





50 


^H 


Output Data Hold Time 


5 


- 


10 


- 



AC TEST CONDITIONS 



Output Load 

Input Pulse Rise and Fall Time 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC57H1024D-85, -10. 



CAPACITANCE *(Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


v IN =ov 


- 


6 


10 


pF 


C OUT 


Output Capacitance 


Vqut^OV 


- 


10 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0 - 


- X 




X 


















4 












tCE 












A 






l DFl 






CE 






/ 
































l OE 


/ 




tDF2 


\ HIGH - 




OE 


\ 


=— 








tACC 










HIGH - Z 








/////A/ 


DATA OUTPUTS 


m 


- z 


O0 ~- 


01 5 




V/////A 
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[HIGH SPEED PROGRAM OPERATION! 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


vcc 


VCC Power Supply Voltage 


6.00 


6.25 


6,50 


v PP 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 



DC AND OPERATING CHARACTERSITICS (Ta=25±5°C, V CC =6.25±0.25V, V PP =12.75±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0o,V cc 


~ 


- 


±10 


yA 


V 0H 


Output High Voltage 


I OH=-400yA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


X CC 


V CC Supply Current 


- 


- 


- 


50 


mA 


IPP2 


V PP Supply Current 


V PP=13.0V 


- 


- 


100 


mA 



AC PROGRAMMING CHARACTERSITICS (Ta-25±5°C, V C c=6.25±C 


.25V, Vpp=12.75±0.25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


ys 


fc AH 


Address Hold Time 


- 


2 


- 


- 


ys 


tCES 


CE Setup Time 


- 


2 


- 


- 


ys 


t CEH 


CE Hold Time 


- 


2 


- 


- 


MS 


t DS 


Data Setup Time 


- 


2 


- 


- 


ps 


t DH 


Data Hold Time 


- 


2 


- 


- 


ys 


tvs 


Vpp Setup Time 


- 


2 


- 


- 


ys 


t PW 


Program Pulse Width 


- 


0.095 


0.1 


0.105 


ms 


c OE 


OE to Output Valid 


- 


- 


- 


500 


ns 


t DF2 


OE to Output in High-Z 


OE=ViL 


- 


~ 


150 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


ys 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC57H1 0240-85, -10 



HIGH SPEED PROGRAM OPERATION 
TIMING CHART 

AO ~ A15 



00 ~ 015 



V PP 




Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul- 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device, 

3. The Vpp supply voltage is permitted up to 14V for program operation, so 
the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC57H1024D-85, 40 



ERASURE CHARACTERISTICS 



The TC57H1024D erasure is achieved by applying shortwave ultraviolet light which 

o 

has a wavelength of 2537 A (Angstroms) to the chip through the trasparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure time [sec.]) for 

erasure should be a minimum of 15 [W • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 

of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [uW/cm 2 ] will 

reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 

12000 [yW/cm 2 ] x (20x 60) [sec] s 15 [W • sec/cm 2 ] . ) 

The TC57H1024D erasure begins to occur when exposed to light with wavelength shorter 

o o 

than 4000A. The sunlight and the flourescent lamps will include 3000^4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, 
the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 



OPERATION INFORMATION 



The TC57H1024D six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 





^^--^^ PIN 
MODE ^^^^-^ 


CE 


OE 


PGM 


v PP 


V CC 


D0^D15 


POWER 


READ 
OPERATION 


Read 


L 


L 


H 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


* 


High Impedance 


Standby 


H 


■k 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta=25±5°C) 


Program 


L 


* 


L 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


* 


■k 


High Impedance 


L 


H 


H 


Program Verify 


L 


L 


H 


Data Out 



Note: H; V TH , L; V TT , *; V TW or V 



IL» 



'IH 



'IL 
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TC57H1024D-85, -10 



READ MODE 



The TC57H1024D has three control functions. The chip enable (CE) controls the 

operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 

Assuming in that CE=OE=Vjj j and PGM^Vjg, the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (t CE ) is equal to the address access time (t* cc ). 

Assuming that CE-Vj-^, PGM=V-j-^ and all addresses are valid, the output data is valid at 

the outputs after tQE from the falling edge of OE. 



OUTPUT DESELECT MODE 



Assuming that CE=Vj H or OE=Vj H , the outputs will be in a high impedance state. 
So two or more ROMs can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 



STANDBY MODE 



The TC57H1024D has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC57H1024D is placed in the standby mode 
which reduce the operating current to lOOuA by applying MOS-high level (Vqq) and then 
the outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC57H1024D are in the "1" state 

which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC57H1024D can be programmed any 

location at anytime either individually, sequentially, or at random. 
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TC57H1024D-85, -10 



PROGRAM VERIFY MODE 



The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE at V IL anc * PGM at V^. 

[PROGRAM INHIBIT MODE] 

Under the condition that the program voltage (+12. 75V) is applied to Vpp terminal, a 
high level CE or PGM input inhibits the TC57H1024D from being programmed. 
Programming of two or more EPROMs in parallel with different data is easily ac- 
complished. That is, all inputs except for CE or PGM may be commonly connected, and 
TTL low level program pulse is applied to the CE and PGM of the desired device only 
and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAM OPERATION 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the Vpp terminal with V CC =6.25V and PGM=V IH . 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then programmed data is verified. This should be repeated until the program operates 

correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V cc =V pp =5V. 
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HIGH SPEED PROGRAM OPERATION 
FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



Q START J 




C PASS ^ 



Q FALL ^ 
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ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC57H1024D which identifies 

it f s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TC57H1024D by using this mode before program operation and automatically set program 

voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest 

of address lines is set to Vj^ in read operation. Data output in this conditions is 

manufacturer code. Device code is identified when address A0 is set to V^. 

These two codes possess an odd parity with the parity bit of (07). 

The following table shows electric signature of TC57H1024D. 



^^--^^^ PINS 
S IGNATURE^^-^^ 


A0 


015 


014 


013 


012 


011 


010 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


HEX. 
DATA 


Manufacture Code 


VlL 


* 


* 


* 


* 


* 


* 


* 


* 


1 








1 


1 











**98 


Device Code 


VlH 


* 


* 


* 


* 


* 


* 


* 


* 


1 











1 








1 


**89 



Notes: A9=12V±0.5V, A1^A8, AIO^AIS, CE, 0E=V IL , PGM=V IH 



*: Don't Care 



DC AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V ID 


A9 Auto Select Voltage 


11.5 


12.0 


12.5 


V 
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OUTLINE DRAWINGS 



52.6 MAX. 



















1 








ottftoraxmocF 


TO 


mfoo^ 






(1 


II 


IUIDIIIIII 


YYYYYn 


© 
-H 






2.5 4 ±0.2 5 


1.3±0.2 5 












0.46±0.05 



Unit in mm 





Note 1 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their 
true longitudinal position with respect No.l and No. 40 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 



o 
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TOSHIBA MOS MEMORY PRODUCTS 



TC57H1024D-85, 100 



DESCRIPTION 



The TC57R1024D is a 65,536 word x 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC57H1024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC57H1024D is fabricated with the CMOS technology. Advanced circuit techniques provide 
both high speed and low power features with a maximum operating current of 50mA/11.8MHz 
and access time of 85ns/100ns. 

The programing times of the TC57H1024D except overhead times of EPROM programmer is 
only 7 seconds by using the high speed programming algorithm. 



• Single 5V power supply 

• Full static operation 

• High speed programming operation: tpw 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 40 pin: TC57H1024D 

• Standard 40 pin DIP cerdip package 



FEATURES 










• Peripheral c 


ircuit: CMOS 


Memory cell 




: N-MOS 


• Fast access 


time 




TC57H1024D- 


85 : 


85ns (V CC =5V±5%) 


TC57H1024D- 


100: 


100ns (V C C=5V±10%) 


• Low power di 


ssipation 


Active : 50mA/11.8MHz 


Standby: 1 


OOuA 
(TC 




PIN CONNECTION 


)P VIEW) 










VppC 


1 


"\y 


40 


DVcc 


CEC 


2 




39 


DPGM 


D15C 


3 




38 


DN.C. 


D14C 


4 




37 


DA15 


D13C 


5 




36 


3A14 


D12C 


6 




35 


DA13 


D11C 


7 




34 


3A12 


D10C 


8 




33 


3A11 


D9C 


9 




32 


DA10 


D8C 


10 




31 


3A9 


v S sC 


11 




30 


3V SS 


D7C 


12 




29 


DA8 


D6C 


13 




28 


DA7 


D5C 


14 




27 


DA6 


D4C 


15 




26 


3A5 


D3C 


16 




25 


DA4 


D2C 


17 




24 


DA3 


DlC 


18 




23 


DA2 


DOC 


19 




22 


DAI 


OEC 


20 




21 


3A0 



PIN names) 








A0 ~ A15 


Address Inputs 


DO ~ D15 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


PGM 


Program Control Input 


v C c 


Vcc Supply Voltage 


Vpp 


Program Supply Voltage 


vss 


Ground 


N.C. 


No Connection 
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BLOCK DIAGRAM 



oec 

CE C 
PGMC 



AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AlO 

All 

A12 

A13 

A14 

A15 



V PP GND V CC 

? ? T 



OE CE PGM 
CIRCUIT 



O 0! O2 3 4 5 6 Oy Og 9 O 10 Oll O 12 Ol3 O 14 O 15 



OUTPUT BUFFERS 





1 


6 

A* 

10 


I 


64 


* 


— 
— 
— 


CO 

OS 

w 

Cn 
Ch 
D 
03 

CO 
CO 

s 

a 

Q 

-< 


COLUMN 
DECODER 


COLUMN I/O CIRCUIT 


1024 








— 
— 


ROW 
DECODER 


MEMORY CELL ARRAY 
65536 X 16 bits 


— 




— 
— 
— 
— 

— 









IMODE SELECTION! 
















^^—- -_^^ PIN 
MODE ^^^--^_ 


CE 


OE 


PGM 


V PP 


v C c 


D0%D15 


POWER 


Read 


L 


L 


H 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


* 


High Impedance 


Standby 


H 


* 


* 


High Impedance 


Standby 


Program 


L 


* 


L 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


* 


* 


High Impedance 


L 


H 


H 


Program Verify 


L 


L 


H 


Data Out 



* H or L 



IMAXMJM RATlNGSl 






SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


'^CC Power Supply Voltage 


-0.6^7.0 


V 


v PP 


Program Supply Voltage 


-0.6^14.0 


V 


VlN 


Input Voltage 


-0.6^7.0 


V 


V IN (A9) 


Input Voltage (A9) 


-0.6^13.5 


V 


Vl/0 


Input/Output Voltage 


~0.6^V cc +0.5 


V 


?D 


Power Dissipation 


1.5 


W 


T S0LDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


T STRG 


Storage Temperature 


-651,125 


°C 


T 0PR 


Operating Temperature 


0^70 


°C 
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READ OPERATION 



AC/DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC57H1024D-85 


TC57H1024D-100 


Ta 


Ambient Temperature 


0<b70°C 


vcc 


V CC Power Supply Voltage 


5V±5% 


5V±10% 


V PP 


Vpp Power Supply Voltage 


0V~Vcc+0.6V 



DC and OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0^V C c 


- 


- 


±10 


pA 


I CC01 


Operating Current 


CE=0V 
iQUX^OmA 


tcycle^SSns 


- 


- 


50 


mA 


^Ott 


tcycle^lps 


- 


- 


30 


^CSl 


Standby Current 


CE*Vih 


- 


- 


1 


mA 


X CCS2 


Cl-Vcc-0.2V 


- 


- 


100 


PA 


VlH 


Input High Voltage 


- 


2.2 


- 


VCC+O.3 


V 


VlL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


V H 


Output High Voltage 


I 0H — 400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


IqIJ*2 . 1mA 


- 


- 


0.4 


V 


Ippi 


Vpp Current 


V PP =V CC ±0.6V 


- 


- 


±10 


yA 


lLO 


Output Leakage Current 


v OUT = 0.4V^Vcc 


- 


- 


±10 


pA 



AC CHARACTERISTICS (V PP »0V^ V C c+0.6V) 



SYMBOL 


PARAMETER 


TC57H1024D-85 


TC57H1024D-100 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


C ACC 


Address Access Time 


- 


85 


- 


100 


ns 


C CE 


CE to Output Valid 


- 


85 


- 


100 


t OE 


OE to Output Valid 


- 


45 


- 


50 


tDFl 


CE to Output in High-Z 





30 





50 


t DF2 


OE to Output in High-Z 





30 





50 


fc OH 


Output Data Hold Time 


5 


- 


10 


- 



AC TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Time 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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CAPACITANCE *(Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClN 


Input Capacitance 


v IN =ov 


- 


6 


10 


P F 


C OUT 


Output Capacitance 


v OUT =ov 


- 


10 


12 



* This parameter is periodically sampled and is not 100% tested 



TIMING WAVEFORMS (READ) 



A0 ~ A15 V 


t: " n ■ " ■ ' 


:x 


r— 














l OH 








*CE 












\ 






l DFl 






CE 


_ 




/ 








L 
























*OE 


/ 




tDF2 


k HIGH - 




Ol 


\| 


=- 








tACC 










high - z 








//////A/ 


DATA OUTPUTS 


Wk 


- Z 


00 ~ 015 " 




V/////A 
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[HIGH SPEED PROGRAM OPERATION [ 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


VccH>.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


v C c 


VcC Power Supply Voltage 


6.00 


6.25 


6.50 


v PP 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 



DC AND OPERATING CHARACTERSITICS (Ta=25±5°C, V CC -6.25±0.25V, V PP =12. 7510.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


yA 


V H 


Output High Voltage 


IOH=-400uA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1raA 


- 


- 


0.4 


V 


I cc 


V CC Supply Current 


- 


- 


- 


40 


mA 


I P P2 


v pp Supply Current 


Vpp=13.0V 


- 


- 


100 


mA 



AC PROGRAMMING CHARACTERSITICS (Ta=25±5°C, V C c=6.25±0.25V, Vp P =12.75±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


C AH 


Address Hold Time 


- 


2 


- 


- 


us 


t CES 


CE Setup Time 


- 


2 


- 


- 


PS 


tCEH 


CE Hold Time 


- 


2 


- 


- 


us 


C DS 


Data Setup Time 


- 


2 


- 


- 


us 


C DH 


Data Hold Time 


- 


2 


- 


- 


us 


C VS 


Vpp Setup Time 


- 


2 


- 


- 


us 


C PW 


Program Pulse Width 


- 


0.095 


0.1 


0.105 


ms 


tOE 


OE to Output Valid 


- 


- 


- 


500 


ns 


t DF2 


OE to Output in High-Z 


0E=ViL 


- 


- 


150 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


us 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 
TIMING CHART 



AO - A15 



CE 



X 



t CES 



OE 



OO - 015 



PGM 



V PP 



x 



UNKNOWN 



tDF2 



X 



tAH 



X 



Dim STABLE 



l vs 



tpw 



. tQES 

\~ A 



l OE 



) ^ Dqut VALID y 



l DF2 



Note: 1. Vp C oust be applied simultaneously or before Vpp and cut off simul- 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so 
the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 



The TC57H1024D erasure is achieved by applying shortwave ultraviolet light which 

o 

has a wavelength of 2537A (Angstroms) to the chip through the trasparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm 2 ] * exposure time [sec.]) for 

erasure should be a minimum of 15 [W • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 

of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [uW/cm 2 ] will 

reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 

12000 [uW/cm 2 ] x (20 x 60) [sec] * 15 [W • sec/cm 2 ] .) 

The TC57H1024D erasure begins to occur when exposed to light with wavelength shorter 

o o 

than 4000A. The sunlight and the flourescent lamps will include 3000^4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, 
the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 



[OPERATION INFORMATION! 

The TC57H1024D six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 





^^-^^^ PIN 
MODE ^"^\^ 


CE 


OE 


PGM 


v PP 


V CC 


DO'vDIS 


POWER 


READ 
OPERATION 


Read 


L 


L 


H 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


* 


High Impedance 


Standby 


H 


* 


* 


High Impedance 


Standby 


PROGRAM 
OPERATION 

(Ta=25±5°C) 


Program 


L 


* 


L 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


H 


* 


* 


High Impedance 


L 


H 


H 


Program Verify 


L 


L 


H 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V 



'IL 
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READ MODE 



The TC57H1024D has three control functions. The chip enable (CE) controls the 

operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 

Assuming in that CE=0*E=Vil anc * PGM=V IH , the output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t.«p), 

Assuming that CE^-^, PGM=V IH and all addresses are valid, the output data is valid at 

the outputs after tQE from the falling edge of OE. 



OUTPUT DESELECT MODE 



Assuming that CE=Vj H or OE-V-j-^, the outputs will be in a high impedance state. 
So two or more ROMs can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 



STANDBY MODE 



The TC57H1024D has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC57H1024D is placed in the standby mode 
which reduce the operating current to lOOuA by applying MOS-high level (Vqq) and then 
the outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC57H1024D are in the "1" state 

which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC57H1024D can be programmed any 

location at anytime either individually, sequentially, or at random. 
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PROGRAM VERIFY MODE 



The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE at V IL and PGM at Vj H . 



PROGRAM INHIBIT MODEJ 



Under the condition that the program voltage (+12. 75V) is applied to Vpp terminal, a 
high level CE or PGM input inhibits the TC57H1024D from being programmed. 
Programming of two or more EPROMs in parallel with different data is easily ac- 
complished. That is, all inputs except for CE or PGM may be commonly connected, and a 
TTL low level program pulse is applied to the CE and PGM of the desired device only 
and TTL high level signal is applied to the other devices. 



HIGH SPEED PROGRAM OPERATION 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the V PP terminal with V CC =6.25V and PGM«V IH , 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then programmed data is verified. This should be repeated until the program operates 

correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V cc =V pp =5V. 
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HIGH SPEED PROGRAM OPERATION 
FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



Q START J 



V CC =6.25±0.25V 
V pp = 12.7 5 ± 0.2 5V 



ADDRESS 

= START ADDRESS 



X=0 



PROGRAM: TPW= O.lms 



NG 



NO 




Q PASS J Q FALL J 
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ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC57H1024D which identifies 

it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 

TC57H1024D by using this mode before program operation and automatically set program 

voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest 

of address lines is set to Vjl * n read operation. Data output in this conditions is 

manufacturer code. Device code is identified when address AO is set to Vj^. 

These two codes possess an odd parity with the parity bit of (07). 

The following table shows electric signature of TC57H1024D. 



^^-^ PINS 

^^-^_ AO 
SIGNATURE ^--^1 


015 


014 


013 


012 


011 


01C 


09 


08 


07 


06 


05 


04 


03 


02 


01 


00 


HEX. 
DATA 


Manufacture Code 1 Vjl 


* 


* 


* 


* 


* 


* 


* 


* 


1 








1 


1 








J **98 


Device Code 1 Vjjj 


* 


* 


* 


* 


* 


* 


* 


* 


1 











1 








1 I **89 



Notes: A9-12V±0.5V, A1^A8, A10^A15, CE, 0E=V IL , PGM=V IH 



*: Don't Care 



DC AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlD 


A9 Auto Select Voltage 


11.5 


12.0 


12.5 


V 
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OUTLINE DRAWINGS 



52.6 MAX. 



to 




S 2.54±0.25 

CO 


wmrf 

1.3±0.2 5 
0.4 6 ±0.0 5 



Unit in mm 





<u 



Note 1 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their 
true longitudinal position with respect No.l and No. 40 leads. 



2. This value is measured at the end of leads. 



3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



DESCRIPTION 



TC58257AP/AH7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 



FEATURES 



TC5S257AP/AF is a 32,768 word * 8 bit electrically chip erasable and programmable read 
only memory, and molded in a 28 pin plastic package. The TC58257AP/AF f s access time is 
170ns/200ns/250ns, and has low power standby mode which reduces the power dissipation 
without increasing access time. The electrical characteristics are the same as U.V.EPROM 
TC57256AD's. For program operation, the programming is achieved by using the high speed 
programming mode. The TC58257AP/AF has an electrically chip erasing mode which can erase 
whole bits at the same time. 

• Full static operation 

High speed programming mode 
Electrically chip erasing mode 
Inputs and outputs TTL compatibility 
Pin compatible with MASK ROM TC53257P, 
TMM23256P, EPROM TMM27256D/AD, and 
TC57256D/AD, one time PROM 
TMM24256P/AP/AF and TC54256P/AP/AF 
Standard 28 pin DIP 

plastic package : TC58257AP 
Plastic Flat package: TC58257AF 



Peripheral circuit: CMOS 
Memory cell : NMOS 
Fast access time: TC58257AP/AF-17LV 
TC58257AP/AF-20LV 
TC58257AP/AF-25LV 
Low power dissipation 
Active : 30mA/5.9MHz 
Standby: lOOuA 



170ns 
200ns 
250ns 



[PIN CONNECTION] (TOP VIEW) 



VppCl 
A12C2 
A7C3 
A6C4 
A5C5 
A4C6 
A3C7 
A2C8 
Al C9 
AOClO 
OOCll 
01C12 
02C 13 
GNDC 14 



28 3VCC 
27 3 A14 

26 Dai 3 

25 3 A8 
24 3 A9XERS 
23 3 All 
2230E 
21 DaIO 
20 DCE 
19 3 07 
18 ZJ06 
17 D05 
16 D04 
15 3 03 



BLOCK DIAGRAM! 



CE 



07 



CE OE CIRCUIT 



OUTPUT BUFFERS 



ERASE 
CIRCUIT 



PIN NAMES] 


ACKA14 


Address Inputs 


00^07 


Output (Input) 


CE 


Chip Enable 
Input 


OE 


Output Enable 
Input 


A9/ERS 


Address And 
Erase Control 
Input 


Vp P 


Program And 
Erase Power 
Supply Voltage 


v C c 


VCC Power 
Supply Voltage 


GND 


Ground 



AO C 
t 
A9/ERS < 
i 
A14 c 



av. 

DETECTION 
CIRCUIT 



ADDRESS 
BUFFER 



COLUMN 
DECODER 



64 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



512 



MEMORY CELL 
ARRAY 
32,768 X8 



MODE SELECTION] 


















^^^—~ Pin 

Mode ~~~~~^-~~-^ 


CE 


OE 


A9 


V P p 


v C c 


A0^A8 
(10^14) 


00^07 


Pox^er 


Pvead 


L 


L 


* 


5V 


5V 


k 


Data Output 


Active 


Output Deselect 


* 


H 


>v 


k 


High Impedance 


Standby 


H 


* 


* 


k 


High Impedance 


Standby 


Program 


L 


H 


* 


12V 


5V 


k 


Data Input 


Active 


Program Inhibit 


H 


* 


k 


k 


High Impedance 


Program Verify 


L 


L 


k 


* 


Data Out 


Chip Erase 


L 


H 


12V 


12V 


5V 


k 


Data FF(H) Input 


Active 


Chip Erase Inhibit 


H 


* 


k 


High Impedance 



'IH 



or V 



IL 
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MAXIMUM 


RATINGS 






SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Vcc Power Supply Voltage 


-0.6^ 7.0 


V 


v PP 


Program Supply Voltage 


-0.6^ 14.0 


V 


VlN 


Input Voltage 


-0.6^ 7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6%V cc -l-0.5 


V 


?D 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


T STG 


Storage Temperature 


-65 a, 125 


°C 


T OPR 


Operating Temperature 


-10 ^ 70 


°c 


New 


Erase Write Endurance 


100 


Cycles 



READ OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


vcc 


V CC Power Supply Voltage 


4.50 


5.00 


5.50 


V 


V PP 


V PP Power Supply Voltage 


Vcc-0.6 


vcc 


V CC+0.6 


V 



DC AND OPERATING CHARACTERISTICS (Ta— 10W0°C, V C c=5V±10%) 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0 " V CC 


- 


- 


±10 


PA 


I CC01 


Operating Current 


CE=0V 


f=5.9MHz 


- 


- 


30 


mA 


^002 


f«lMHz 


- 


- 


10 


^CSl 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


ICCS2 


CE=V CC -0.2V 


- 


- 


100 


UA 


V H 


Output High Voltage 


I R=-400yA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I PP1 


Vpp Current 


V pp =V cc -0 . 6^V cc +0 .6 


- 


- 


±10 


V A 


lLO 


Output Leakage Current 


Vqu^O^^Vcc 


- 


- 


±10 


UA 
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AC CHARACTERISTICS (Ta=-10^ 70°C, 


V CC =5V±10%, V PP = 


•v C c± 


0.6V) 












SYMBOL 


PARAMETER 


TEST CONDITION 


-17 


-20 




25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=Vi L 


- 


170 


- 


200 


- 


250 


ns 


tCE 


CE to Output Valid 


OE=V IL 


- 


170 


- 


200 


- 


250 


ns 


tOE 


OE to Output Valid 


CE=V IL 


- 


70 


- 


70 


- 


100 


ns 


t DFl 


CE to Output in High-Z 


OE=V IL 





60 





60 





90 


ns 


t DF2 


OE to Output in High-Z 


CE=V IL 





60 





60 





90 


ns 


tQH 


Output Data Hold Time 


CE=OE=Vil 





- 





- 





- 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE *(Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


v IN -ov 


- 


4 


6 


pF 


COUT 


Output Capacitance 


v OUT =ov 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 

D<tZ 



A0 ~ Al 4 



OE 



O0-O7 



^^ 



JjCE. 



MUr" 



Uce 



HIGH Z 
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TC58257AP/AM7LV, TC58257AP/AF-20LV 
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PROGRAM OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V CC Power Supply Voltage 


A. 5 


5.0 


5.5 


V 


Vp P 


Vpp Power Supply Voltage 


11.5 


12.0 


12.5 


V 



DC AND OPERATING CHARACTERISTICS (Ta=-10^ 70°C, V CC =5.0V±10%, V PP =12.0V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX, 


UNIT 


ILI 


Input Current 


Vin-0-vVcc 


- 


- 


10 


yA 


V H 


Output High Voltage 


I OH =-400yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


101*2. 1mA 


- 


- 


0.4 


V 


ice 


VCC Supply Current 


- 


- 


- 


40 


mA 


X PP2 


V PP Supply Current 


V PP=13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta»-10~ 70°C, V CC =5.0V±10%, V PP =12.0V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


~ 


us 


t AH 


Address Hold Time 


- 


2 


- 


- 


ys 


tCES 


CE Setup Time 


- 


2 


- 


- 


ys 


tCEH 


CE Hold Time 


- 


2 


- 


- 


ys 


tOES 


OE Setup Time 


- 


2 


- 


- 


ys 


tOEH 


Of Hold Time 


- 


2 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


ys 


tDH 


Data Hold Time 


~ 


2 


- 


~ 


ys 


fc VS 


V PP Setup Time 


- 


2 


- 


- 


ys 


tpw 


Initial Program Pulse Width 


CE=Vl L , OE=ViH 


0.95 


1.0 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


0.95 


1.0 


26.25 


ms 


tDV 


CE to Output Valid 


0E=V IL 


- 


- 


1 


ys 


tDFl 


CE to Output in High-Z 


OE=V IL 


- 


- 


150 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 



Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC58257AP/AM7LY, TC58257AP/AF-28LV 
TC58257AP/AF-25LV 



TIMING WAVEFORMS (PROGRAM) 
(V CC =5.0V±10%, V PP =12.0V±0.5V) 



A0-A14 



CE 



OE 



O0-O7 




Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp s: 12.0V 
may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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TC58257AP/AH7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 

ERASE OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


VcC+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V CC Power Supply Voltage 


4.5 


5.0 


5.5 


V 


V PP 


V PP Power Supply Voltage 


11.5 


12.0 


12.5 


V 


V IHH 


Input High Voltage H 


11.5 


12.0 


12.5 


V 



DC AND OPERATING CHARACTERISTICS 


(Ta— 


10^70°C, V CC =5V±10%) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o ^ V cc 


- 


- 


±10 


yA 


I LIE 


A9/ERS Input Current 


A9/ERS=0^VihH 


- 


- 


±100 


uA 


ice 


V CC Supply Current 


- 


- 


- 


40 


mA 


I PP2 


V PP Supply Current 


V PP *12.5V 


- 


- 


50 


mA 


AC ERASII\ 


G CHARACTERISTICS (Ta--10~ 70°C, V CC -5V±10%, V pp 


=12.0V±0.5V) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tCES 


CE Setup Time 


- 


2 


- 


- 


ys 


t CEH 


CE Hold Time 


- 


2 


- 


- 


ys 


tOES 


OE Setup Time 


- 


2 


- 


- 


ys 


tOEH 


OE Hold Time 


- 


500 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


ys 


t DH 


Data Hold Time 


- 


500 


- 


- 


ys 


fc VS 


V PP Setup Time 


- 


2 


- 


- 


ys 


t VH 


V PP Hold Time 


- 


500 


- 


- 


ys 


fc ES 


A9/ERS Setup Time 


- 


2 


- 


- 


ys 


t EH 


A9/ERS Hold Time 


- 


2 


- 


- 


ys 


tEW 


Erase Pulse Width 


CE=Vi L ,OE=ViH,A9=ViHH 


1950 


2000 


2050 


ms 


^Fl 


CE to Output in High-Z 


OE=ViL 


- 


- 


150 


ns 



Input Pulse Rise and Fall Time: 10ns Max. 
Input Pulse Levels : 0.45V%2.4V 
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TIMING WAVEFORMS (ERASE) 

(V CC =5V±10%, V PP =12.0V±0.5V) 



TC58257AP/AH7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 



A0~8, 10-14 



DC 



A9/ERS 



Vpp 



\CES 

J 



JZ 



tOES 



DF1 I t D s 



t l ES 



tvs 



*EW 



V 



tQEH 



*DE 



tV H 



KlJCEFL 



.1— C 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.0V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for erase operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC58257AP/AH7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 



~~ — Pin 

Read " — ■ — - — -______^ 


CE 


OE 


A9 


v PP 


v C c 


00 a,07 


Power 


Read 
Operation 


Read 


L 


L 


* 


5V 


5V 


Data Out 


Active 


Output Deselect 


& 


H 


>'« 


High Impedance 


Standby 


H 


* 


* 


High Impedance 


Standby 


Program 
Operation 


Program 


L 


H 


* 


12V 


5V 


Data In 


Active 


Program Inhibit 


H 


* 


* 


High Impedance 


Program Verify 


L 


L 


* 


Data Out 


Erase 
Operation 


Erase 


L 


H 


12V 


12V 


5V 


Data FF(H) Input 


Active 


Erase Inhibit 


H 


* 


High Impedance 



Note: 



H; V IH , L; V IL , *; V IH or V IL 



READ MODE 

The TC58257AP/AF has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. The output enable (OE) control the 
output buffers, independent of device selection. Assuming that CE=0E=Vn J , the output 
data is valid at the outputs after address access time from stabilizing of all ad- 
dresses. The CE to output valid (t CE ) is equal to the address access time (t^cc) • 
Assuming that CE=Vil and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vj^ or 0E=Vjfl, the outputs will be in a high impedance state. So two 
or more TC58257AP/AF 1 s can be connected together on a common bus line. When CE is 
decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TC58257AP/AF has a low power standby mode controlled by the C¥ signal. By applying 
a high level to the CE input, the TC58257AP/AF is placed in the standby mode which re- 
duce the operating current to lOOyA by applying MOS-high level (Vqq) and then the 
outputs are in a high impedance state, independent of the OE inputs. 
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TC58257AP/AM7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25W 



PROGRAM MODE 

Initially, when received by customers, all bits of the TC58257AP/AF are in the "1" state 
which is erased state. Therefore the program operation is to introduce "0 T s" data into 
the desired bit locations by electrically programming. The TC58257AP/AF is in the 
programming mode when the Vpp input is at 12V and CE is at TTL-Low under OE^Vjh. 
The TC58257AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 



PROGRAM VERIFY MODE 

The verify mode is to check if desired data is correctly programmed on the programmed 
bits. The verify is accomplished with OE at Vjl. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12. OV) is applied to Vpp terminal, a high 
level CE input inhibits the TC58257AP/AF from being programmed. Programming of two or 
more TC58257AP/AF T s in parallel with different data is easily accomplished. That is, 
all inputs except for CE may be commonly connected, and a TTL low level program pulse 
is applied to the CE of the desired device only and TTL high level signal is applied 
to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. 
The device is set up in the high speed programming mode when the programming voltage 
(+12. OV) is applied to the Vpp terminal with Vcc=5.0V. The programming is achieved by 
applying a single TTL low level lOOys pulse to the CE input after addresses and data 
are stable. Then the programmed data is verified by using Program Verify Mode. If 
the programmed data is not correct, another program pulse of lOOus is applied and 
then the programmed data is verified. The should be repeated until the program 
operates correctly (max. 25 times). 
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TC58257AP/AM 7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 



When programming has been completed, the data in all addresses should be verified with 
V C(f Vp P =5V. 

CHIP ERASE MODE 

The TC58257AP/AF is in chip erase mode when the Vpp input is 12.0V and CE is at TTL-Low 
level under the condition of A9=12V, 0E=V IH . The chip erase pulse width is only 2 sec. 
Once chip is erased, all bits of the device are in "1" state. 

ERASE INHIBIT 

Under the condition that the erase voltage (12.0V) is applied to Vpp terminal and 12V 
is to A9 input, TTL-High level CE input inhibits the TC58257AP/AF from being erased. 



- J-12 - 



TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 



HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = 
NEXT ADDRESS 




OVERPROGRAM X PULSE OF 1msec 
OR ONE PULSE OF X msec DURATION 




^ FAIL J 



( PASS ) 
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TC58257AP/AH7LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC58257AP/AF which indent- 
ifies its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TC58257AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to V IL in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
V IH* These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC58257AP/AF. 



^""\^^ PINS 
SIGNATURE^\^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 

(13) 


01 
(12) 


00 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 








1 








1 





1 


25 



Notes: A9=12V±0.5V 

A1%A8, A10^A14, CE, 0E=V IL 
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TC58257AP/AM7LV, TC58257AP/AF-20LV 
TC58257AP/AF-2SLV 



OUTLINE DRAWINGS (TC58257AP) 



Unit in mm 



28 


15 




.nnnnnnnnnnn 


n n n 








CS} 


| 




o 
+! 
c 



r uuuuuuuuuuuuuu 

1 14 




^ 



3 7.0 ±0.2 




1.4 ±0.1 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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OUTLINE DRAWINGS (TC58257AF) 



Unit in mm 



1 8.5 ±0.2 




1.0 TYP. 



innnnra 

i 



Tnnnnnnr 

14 



0.4 3 ±0.1 



^ 



^oij^ri3=D3ni- m 3=D=u=u=iJ^ 



^0.1 



do 

+ ' do. 



£ 



^ 




1.0 ±0.2 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TMM24256BP/BH7, -20 



[description] 

The TMM24256BP/BF is a 32,768 words x 8 bits one time programmable read only memory, 
and molded in a 28 pin plastic package. 

The TMM24256BP/BF's access time is 170ns/200ns, and has low power standby mode which 
reduces the power dissipation without increasing access time. 

The electrical characteristics and programming method are the same as U.V. EPROM 
TMM27256BD f s. 

Once progamed, the TMM24256BP/BF can not be erased because of using plastic DIP without 
transparent window. 



FEATURES 





-17 


-20 


vcc 


5V±5% 


t ACC 


170ns 


200ns 


I CC2 


100mA 


icci 


30mA 



[PIN CONNECTIONl (TOP VIEW) 
: 3" 



VppC 
A12[ 

A7 [ 

A6 C 

A5 C 

A4 [ 

A3 C 

A2 C 8 

Al C 9 

A0 [10 

00 Cll 

01 C 12 

02 C 13 
GND C 1 4 



28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 



CC 
3A14 
]A13 
]A8 
3A9 
3 All 
30E 
3A10 
3CE 
3 07 
3 06 
3 05 
3 04 
3 03 



Full static operation 
High speed programming mode I, 31 
Inputs and outputs TTL compatible 
Pin compatible with TMM27256D/AD/BD 
Standard 28 pin DIP plastic package: 
Plastic Flat Package: TMM24256BF 

[BLOCK DIAGRAM] 



TMM24256BP 



v PP 



GND 



0E< 

CE~< 

AO < 

Al < 

A2 < 

A3< 

A4 C 

A5C 

A6 ( 

A7( 

A8< 

A9 ( 

A10 < 

All ( 

A12c 

A13C 

A14 c 



vcc 



CO 01 02 03 04 05 06 07 



I I JL .???????? 



OE CE 

CIRCUIT 



COLUMN 
DECODER 






ROW 
DECODER 



512 



OUTPUT BUFFERS 



COLUMN I/O 
CIRCUIT 



MEMORY CELL 

ARRAY 
32,768x8bi ts 



PIN MAMESl 


AO ^ A14 


Address Inputs 


00^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


v PP 


Program Supply 
Voltage 


vcc 


Power Supply 
Voltage (+5V) 


GND 


Ground 



IMODE SELECTIONl 














^\^^^ PIN 
MODE ^""^-^_ 


CF 
(20) 


OE" 
(22) 


V PP 
(1) 


v C c 

(28) 


00^07 
(11^13,15^19) 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


1) 
12.5V 

2) 
12.75V 


6V 2) 

2) 

6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impecance 


Program Verify 


* 


L 


Data Out 



*: H or L 1): HIGH SPEED PROGRAMMING MODE I 
2) : HIGH SPEED PROGRAMMING MODE II 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


V CC Power Supply Voltage 


-0.6 * 7.0 


V 


v PP 


Program Supply Voltage 


-0.6*14.0 


V 


V IN 


Input Voltage 


-0.6*7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6*7.0 


V 


?D 


Power Dissipation 


1.0/0.6* 


W 


TSOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 


T STG 


Storage Temperature 


-55*150 


°C 


T OPR 


Operating Temperature 


0*70 


°C 



*: Plastic Flat Package 
READ OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V CC Power Supply Voltage 


4.75 


5.00 


5.25 


V 


V PP 


Vpp Power Supply Voltage 


2.0 


v C c 


VcC+0.6 


V 



D.C. AND 


OPERATING CHARACTERISTICS 


(Ta=0^70°C, V CC =5V± 


5%) 








SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v ir o*v cc 


- 


- 


±10 


yA 


I CC1 


Supply Current (Standby) 


CE=V IH 


- 


- 


30 


mA 


I CC2 


Supply Current (Active) 


CE=V IL 


- 


- 


100 


mA 


V H 


Output High Voltage 


I OH =-400yA 


2.4 


- 


- 


V 


v l 


Output Low Voltage 


I 0L -2.1mA 


- 


- 


0.4 


V 


x ppi 


Vpp Current 


Vp P =o*Vcc+0.6V 


- 


- 


±10 


yA 


lLO 


Output Leakage Current 


V OUT =0.4V*V CC 


- 


- 


±10 


yA 
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TMM24256BP/BM7, -20 



A.C. CHARACTERISTICS (Ta=0^70°C, V CC =*5V±5%, V PP 


=2.0V^V CC +0.6V) 






SYMBOL 


PARAMETER 


TMM24256BP/BF-17 


TMM24256BP/BF-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


- 


170 


- 


200 


ns 


tCE 


CE to Output Valid 


- 


170 


- 


200 


ns 


tOE 


OE to Output Valid 


- 


70 


- 


70 


ns 


tDFl 


CE to Output in High-Z 





60 





60 


ns 


t DF2 


UE to Output in High-Z 





60 





60 


ns 


t OH 


Output Data Hold Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

CAPACITANCE* (Ta=25°C, f-lMHz) 



1 TTL Gate and C =100pF 

10ns Max. 

0.45W2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


VlN=0V 


- 


4 


6 


pF 


c OUT 


Output Capacitnace 


v OUT =ov 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0~A14 



CE 



DJ 



OE 



O0-O7 



X 



*OH 



M 


VA\\I 


'CE 


A 


7/ 






\\\\\^ 




//////////////////// 






••OE 






tDFl 














M 


WWWWW 


/, 


WW///////////////, 


\\\\\\\\\N|r 






l ACC 




,4^2 x 








/X^\; 






W/k 




HIGH Z 




K HIGH Z 






\\\\\)^ 


DAI A UUlrUl^ 


5 




I 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


VqC Power Supply Voltage 


5.75 


6.0 


6.25 


v 


v PP 


V PP Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V DT°* V CC 


- 


- 


±10 


yA 


VOH 


Output High Voltage 


IOH=-^00pA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


I cc 


V(x Supply Current 


- 


- 


- 


IOC 


mA 


X PP2 


V PP Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


fc AS 


Address Setup Time 


- 


2 


- 


- 


Us 


C AH 


Address Hold Time 


- 


2 


- 


- 


us 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


- 





- 


- 


ns 


tOES 


OE Setup Time 


- 


2 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


Ms 


t DH 


Data Hold Time 


- 


2 


- 


- 


ys 


t VPS 


V PP Setup Time 


- 


2 


- 


- 


ys 


^CS 


Vcc Setup Time 


- 


2 


- 


- 


ys 


tpw 


Initial Program Pulse Width 


CE=V IL , OE-V IH 


0.95 


1.0 


1.05 


ms 


t OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


t OE 


OE to Output Valid 


CE=V IH 


- 


- 


150 


ns 


t DFP 


OE to Output in High-Z 


CE=Vih 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 



1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V% 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE II) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


-. 


vcc+i-o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


VcC Power Supply Voltage 


6.0 


6.25 


6.5 


V 


V PP 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V ccf 6.25 V±0. 25V, Vpp-12.75V+0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin^O a, Vcc 


- 


- 


±10 


uA 


V H 


Output High Voltage 


I OH ^-400pA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I OL=2.1mA 


- 


- 


0.4 


V 


x cc 


V CC Supply Current 


- 


- 


- 


100 


mA 


X PP2 


v pp Supply Current 


V PP=13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


z AH 


Address Hold Time 


- 


2 


- 


- 


ps 


t CES 


CE Setup Time 


- 





- 


~ 


ns 


t CEH 


CE Hold Time 


- 





- 


- 


ns 


fc OES 


OE Setup Time 


- 


2 


- 


- 


ys 


tDS 


Data Setup Time 


- 


2 


- 


- 


ps 


tDH 


Data Hold Time 


- 


2 


- 


- 


ys 


tVPS 


Vpp Setup Time 


- 


2 


- 


- 


PS 


tvcs 


V CC Setup Time 


- 


2 


- 


- 


ys 


tpw 


Program Pulse Width 


CE=V IL , OE=V IH 


0.095 


0.1 


0.105 


ms 


tQE 


OE to Output Valid 


CE-V IH 


- 


- 


150 


ns 


tDFP 


OF to Output in High-Z 


CE-V IH 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate end C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 



HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V PP =12. 5V±0.5V) 
HIGH SPEED PROGRAMMING MODE II (V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



AO - Al 4 



CE 



OE 



00-07 



V PP 



V C C 



X 



1 vps 



Wcs 



tAS 



\ *opw 



tCEH 



^ D IN STABLE ^ 



*OES 



*DH 



PROGRAM 



X 



l CES 



I 



l OE 



\ D OUT 



VALID 



> 



PROGRAM VERIFY 



tDFP 



Note 1. Vqq must be applied simultaneously or before V pp and cut off 
simultaneously or after V PP . 

2. Removing the device from socket and setting the device in socket 
with V pp =12.5V±0.5V or V pp =12.75V±0.25V may cause permanent damage 
to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V PP terminal. 
When the switching pulse voltage is applied to the V pp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 

The TMM24256BP/BF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



^ — ___PIN-NAME (NUMBER) 

MODE """ ^— -^^^ 


CE 
(20) 


OE 
(22) 


V PP 
(1) 


(28) 


00^07 
(11*13, 15*19) 


POWER 


Read Operation 
(Ta=0^70°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25+5°C) 


Program 


L 


H 


1) 
12.5V 

2) 

12.75V 


1) 
6V 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 



1); HIGH SPEED PROGRAMMING MODE I 
2); HIGH SPEED PROGRAMMING MODE E 



READ MODE 

The TMM24256BP/BF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming the CE=OE=Vjl, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE" to output valid (tCE) i s equal to the address access time (t A £Q) . 
Assuming that CE=Vxl anci all addresses are valid, the output data is valid at the 
outputs after toE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE^Vjh or OE=Vm, the outputs will be in high impedance state. 
So two or more TMM24256BP/BF f s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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STANDBY MODE 

The TMM24256BP/BF has a low power standby mode controlled by the CE" signal. 
By applying a high level to the CF input, the TMM24256BP/BF is placed in the standby 
mode which reduce the operating current to 30raA from 100mA (about 70% reduction) by 
applying TTL-high level and then the outputs are in a high impedance state, 
independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24256BP/BF are in the 
"1" state which is erased state. 

Therefore the program operation is to introduce "(Vs" data into the desired bit 
locations by electrically programming. 

The TMM24256BP/BF is in the programming mode when the Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level under OE=V IH . 

The TMM24256BP/BF can be programmed any location at anytime either individucally, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at Vjl and CE at Vj^ or Vjl» 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to 
Vpp terminal, a TTL high level CE input inhibits the TMM24256BP/BF from being 
programmed. 

Programming of two or more TMM24256BP/BF ? s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE" may be commonly connected, 
and a TTL Low level program pulse is applied to the CE" of the desired device only and 
TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at V CC =6.0V and Vpp=12.5V. 
The programming is achieved by applying a single TTL low level 1ms pulse to the CE" 
input after addresses and data are stable, Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 
When programming has been completed, the data in all addresses should be verified 
with V cc =Vpp=5V. 

HIGH SPEED PROGRAMMING MODE H 

The program time can be greatly decreased by using this high speed programming 
mode H. This high speed programming mode U is performed at Vcc = 6.25V and 
Vpp=12.75V. The programming is achieved by applying a single TTL low level 0.1ms 
pulse to the CE" input after addresses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V cc =Vpp=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



Q STAR T J 



V cc = 6.0 ± 0.2 5 V 
V pp = 1 25 ± 0.5 V 



ADDRESS 

= START ADDRESS 






X = 




















PROGRAM: TPW=lms 






J 






X = X + 1 






OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 



NO 




^ FAIL J 
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1 


START J 

\ 












V cc = 6.25 ± 0.25 V 
Vpp = 1 2.75 ± 0.25 V 










1 








ADDRESS 

= START ADDRESS 


























' 










X=0 


























NG 












program: TPW= 0.1ms 










\ 












X = X + 1 










v \ o e O 




YES 












Tno 








ADRESS 

= NEXT ADDRESS 






"•s-^^IlEAD. ONE BYTE^^-*-" 
JOK 








NO 










JYES 










V CC =5.0V 
V CC =5.0V 








-f-"" 


--""READ ^""^ 




^G 






^^ 


ALL BYTES 
|0K 


^^ 






1 




^ PA 


SS j 




C^ 


IL 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24256BP/BF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM24256BP/BF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12y is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data ouptut in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
V-££. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TMM24256BP/BF. 



"""\^^ PINS 
SIGNATUIRE^-^^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 

(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 





1 





1 





1 








54 



Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE", 0E=V IL 
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Unit in mm 



28 

i— i r-» r— t r- 1 r-i i— i r- 


15 
-i r— i i— i r— t r— i r— i r— i r— i 








, 






X 


p 




Of 



14 



15.24 ±0.25 




Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2, This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM24256BF) 



Unit in mm 



28 



15 



nnnnnnnnnnnnnn 




) 


* 

© 



uuuuuuuuuuuuuu 

14 



18,9 MAX. 



0.4 3 ±0.1 



1.2 7±0.0 5 



1 1.8 ± 0.3 



A 



H, 



1.5 ±0.4 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No. 28 leads. 
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TMM24512AP/AF-20, -25 



[DESCRIPTION! 



The TMM24512AP/AF is a 65,536 words x 8 bits one time programmable read only memory, 
and molded in a 28 pin plastic package. The TMM24512AP/AF f s access time is 200ns/ 
250ns, and has low power standby mode which reduces the power dissipation without 
increasing access time. The electrical characteristics and programming method are 
the same as U.V. EPROM TMM27512AD f s. Once programed, the TMM24512AP/AF can not be 
erased because of using plastic DIP without transparent window. 



[FEATURES! 





-20 -25 


vcc 


5V±5% 


tACC 


200ns 250ns 


I CC2 


120mA 


I CC1 


35mA 



IPIN CONNECTION! (TOP VIEW) 



A15[ i 
A12C2 
A7C3 
A6C4 
A5C 5 
A4C6 
A3C7 
A2C8 
A1C9 
A0E 10 
O0C 11 
01 C 1 2 
02C 13 
GNDC 14 




PIN names! 


A0 * A15 


Address Inputs 


00*07 


Outputs (Inputs) 


CE* 


Chip Enable Input 


OE/Vpp 


Output / 
Enable / Program 
Input / Supply 
/ Voltage 


vcc 


Power Supply 
Voltage (+5V) 


GND 


Ground 



• Full static operation 

• High speed programming mode I, E 

• Inputs and outputs TTL compatible 

• Pin compatible with TMM27512D/AD 

• Standard 28 pin DIP plastic package: 

• Plastic Flat Package : 

[BLOCK DIAGRAM! 



TMM24512AP 
TMM24512AF 



Vpp GND V cc 00 01 02 03 04 05 06 07 

_ r-^J ? f . .???????? 

OE < ' 
CE 



OE 



CE 
CIRCUIT 



AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

A14 

A15 



t 




* 


64 


1 




CO 

w 

&u 
U 

D 
03 

CO 
CO 

w 

as 
Q 

5 


'/. 


COLUMN 
DECODER 


COLUMN I/O 
CIRCUIT 




10 


1,024 






r 




i 




ROW 
DECODER 


MEMORY CELL 

ARRAY 
65,536x8bi ts 

















[MODE SELECTION 












^^■^^PIN 
MODE ^"^\^_ 


CE 
(20) 


UE/Vpp 
(22) 


v C c 

(28) 


00^ 07 
(11^13, 15*19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vpp 


6vD 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


v PP 


High Impedance 


Program Verify 


L 


L 


Data Out 



*: H or L 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE H 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v C c 


Vcc Power Supply Voltage 


-0.6%7.0 


V 


v PP 


Program Supply Voltage 


-0.6o,14.0 


V 


V IN 


Input Voltage 


-0.6^7.0 


V 


V I/0 


Input/Output Voltage 


-0.60,7.0 


V 


*D 


Power Dissipation 


1.0/0.6* 


W 


T SOLDER 


Soldering Temperature ♦ Time 


260 . 10 


°Csec 


TsTG 


Storage Temperature 


-55o,l50 


°C 


T OPR 


Operating Temperature 


0o,70 


°C 



*: Plastic Flat Package 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vcc 


Vcc Power Supply Voltage 


A. 75 


5.00 


5.25 


V 



D.C. AND 


OPERATING CHARACTERISTICS 


(Ta=0o,70°C, V CC =5V±5%) 








SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


Vin=0o, Vqc 


- 


- 


±10 


uA 


icci 


Supply Current (Standby) 


CE=V IH 


- 


- 


35 


mA 


*CC2 


Supply Current (Active) 


CE=Vil 


- 


- 


120 


mA 


V H 


Output High Voltage 


I OH =-400yA 


2. A 


- 


- 


V 


Vol 


Output Low Voltage 


IOL = 2.1mA 


- 


- 


0.4 


V 


x ppi 


Vpp Current 


Vpp=0 o, Vcc+0 . 6V 


- 


- 


±10 


yA 


lLO 


Output Leakage Current 


V 0UT =0.4Vo,V C c 


- 


- 


±10 


yA 
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A.C. CHARACTERISTICS (Ta=0^ 70°C, V CC «5V±5%) 



SYMBOL 


PARAMETER 


TMM24512AP/AF-20 


TMM24512AP/AF-25 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


C ACC 


Address Access Time 


- 


200 


- 


250 


ns 


C CE 


CE to Output Valid 


- 


200 


- 


250 


ns 


t OE 


OE to Output Valid 


- 


70 


- 


100 


ns 


t DFl 


CE to Output in High-Z 





60 





90 


ns 


tDF2 


OE to Output in High-Z 





60 





90 


ns 


t OH 


Output Data Hold Time 





- 





- 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and CL=100pF 

10ns Max. 

0. 45V 'v 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



CAPACITANCE* (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ClNl 


Input Capacitance 


V IN =0V 


- 


4 


6 


pF 


C IN2 


OE/Vpp Input Capacitance 


v IN =ov 


- 


50 


60 


pF 


c OUT 


Output Capacitance 


v OUT =ov 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



A0 ~A1 5 



CE 



OE 



O0-O7 



l CE 



tPE 



tACC 



HIGH Z 



X 



tQH 



tDFl 



DATA OUTPUT 



*DF2 



1 



HIGH Z 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


vcc+i-o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


Vpp 


V PP Power Supply Voltage 


12.0 


12.5 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


v IN =o % v cc 


- 


- 


±10 


yA 


V H 


Output High Voltage 


I OH =-400yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I CC 


V CC Supply Current 


- 


- 


- 


120 


mA 


X PP2 


Vpp Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta= 


=25±5°C, V CC =6V±0.25V 


, Vpp-12 


!.5V±0.5V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


us 


t kn 


Address Hold Time 


- 


2 


- 


- 


us 


t OES 


OE/Vpp Setup Time 


- 


2 


- 


- 


ys 


t OEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


ys 


t PRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


^S 


Data Setup Time 


- 


2 


- 


- 


PS 


^H 


Data Hold Time 


- 


2 


- 


- 


ys 


fc VR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


ys 


fc VCS 


Vcc Setup Time 


- 


2 


- 


- 


us 


fc PW 


Initial Program Pulse Width 


CE=Vil, 0E/Vpp=V PP 


0.95 


1.0 


1.05 


ms 


t OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


fc DV 


Data Valid from CE 


0E/ V PP=V IL 


- 


- 


1 


ys 


tDF 


CE to Output in High-Z 


0E/V PP =V IL 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0. 45V 'v, 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 



Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE IT) 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.0 


- 


V CC+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


V CC Power Supply Voltage 


6.0 


6.25 


6.5 


V 


v PP 


V PP Power Supply Voltage 


12.5 


12.75 


13.0 


V 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c ! =6.25V±0.25V, V PP <L2.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0 ^ V CC 


- 


- 


±10 


yA 


V OH 


Output High Voltage 


IOH = -400yA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


X CC 


Vcc Supply Current 


- 


- 


- 


120 


mA 


TPP2 


V PP Supply Current 


V pp =13.0V 


- 


- 


50 


mA 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*AS 


Address Setup Time 


- 


2 


- 


- 


ys 


tAH 


Address Hold Time 


- 


2 


- 


- 


US 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


ys 


tOEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


ys 


tpRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


*DS 


Data Setup Time 


- 


2 


- 


- 


ys 


t DH 


Data Hold Time 


- 


2 


- 


- 


yS 


t VR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


yS 


C VCS 


VCC Setup Time 


- 


2 


- 


- 


ys 


tpW 


Program Pulse Width 


CE=V IL , OE/V pp =Vpp 


0.095 


0.1 


0.105 


ms 


fc DV 


Data Valid from ZH£ 


OE/V pp =V IL 


- 


- 


1 


ys 


fc DF 


CE to Output in High-Z 


OE/V PP -V IL 


- 


- 


130 


ns 



A.C. TEST CONDITIONS 

• Output load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC -6V±0.25V, V pp =12.5V±0.5V) 
HIGH SPEED PROGRAMMING MODE H (V cc »6. 25V±0.25V, V pp =12. 75V±0.25V) 



A0-A15 






X 




X 






*AS 




! tvR 




tjw 






» «. 


Mumvl/ 




1 










CE 


t PRT i 


tOES 


tOEHi 


\ 


/" 




r- — T" 








- 


/ 


1 




1 




OE/Vpp 






\ 


/ 








l m 




. tDV ,. 


L 


t DF 








A 














D JN STABLE 


= S 


/ 


D 0UT VALID \ 


O0~O7 - * 




\ 


J 


s 














1 




vcc J 


tvcs 


PROGRAM 


PROGRAM VERIFY 































Note 1. Vqq must be applied simultaneously or before V PP and cut off 
simultaneously of after V PP . 

2. Removing the device from socket and setting the device in socket 
with Vp P =12.5V±0.5V or V PP =12.75V±0.25V may cause permanent damage 
to the device. 

3. The V pp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V pp terminal. 
When the switching pulse voltage is applied to the Vp P terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 

The TMM24512AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



"""""" " ___PIN NAMES (NUMBER) 

MODE ^~ — -_ ___ 


CE 
(20) 


OE/Vpp 
(22) 


(28) 


00*^07 
(11^13, 15^19) 


POWER 


Read Operation 
(Ta=0%70°C) 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


V PP 


6V X) 

6.25V 2) 


Data In 


Active 


Program Inhibit 


H 


V PP 


High Impedance 


Program Verify 


L 


L 


Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 



1); HIGH SPEED PROGRAMMING MODE I 
2); HIGH SPEED PORGRAMMING MODE H 



READ MODE 

The TMM24512AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. The output enable (OE) 
control the output buffers, independent of device selection. Assuming the CE=0E=Vil, 
the output data is valid at the outputs after address access time from stabilizing 
of all addresses. The CE to ouptput valid (t^g) is equal to the address access time 
(tACC) • Assuming that CE=Vil and all addresses are valid, the output data is valid 
at the outputs after t g from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vj H or 0E=Vj^, the outputs will be in a high impedance state. 
So two or more TMM24512AP/AF 1 s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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STANDBY MODE 

The TMM24512AP/AF has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TMM24512AP/AF is placed in the standby 
mode which reduce the operating current to 35mA from 120mA (about 70% reduction) by 
applying TTL-high level and then the outputs are in a high impedance state, 
independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24512AP/AF are in the 
"1" state which is erased state. Therefore the program operation is to introduce 
"0 T s rf data into the desired bit locations by electrically programming. The TMM24512AP/AF 
is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at 
TTL-Low level. The TMM24512AP/AF can be programmed any location at anytime either 
individually, sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with CE at Vjl anc * OE?Vpp at Vjl» 

PROGRAM INHIBIT MODE 

Under the condition that program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM24512AP/AF from being programmed. 
Programming of two or more TMM24512AP/AF , s in parallel with different data is easily 
accomplished. That is, all inputs except for CE" and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vcc=6.0V and QE7Vpp=12.5V 
The programming is achieved by applying a single TTL low level 1ms pulse to the CE" 
input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 
When programming has been completed, the data in all addresses should be verified 
with V CC =5V. 

HIGH SPEED PROGRAMMING MODE E 

The program time can be greatly decreased by using this high speed programming 
mode II . This high speed programming mode H is performed at Vcc~6.25V and OE/Vpp= 
12.75V. The programming is achieved by applying a single TTL Tow level 0.1ms pulse 
to the CE input after addresses and data stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V CC =5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS 
=NEXT ADDRESS 



(start) 



V cc = 6.0 ± 0.2 5 V 
V pp = 125 ±0.5 V 



ADDRESS 

= START ADDRESS 




YES 



PROGRAM :TPW= lms 



X = X + 1 




OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 




NG ■- 



■^ FAIL "*) 



Q PASS ) 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 









START ^ 














V cc = 6.2 5±0.2 5V 
V PP =1 2J5±0.2 5V 








* 








' ADDRESS 
= START ADDRESS 


























1 










X = 


























NG 




' 








PROGRAM : TPW= 0.1ms 










1 












X = X+1 










v \ o c O 




YES 












1 NO 










ADDRESS 

= NEXT ADDRESS 






ToK 








NO 










JYES 










V CC = 5.0V 








^-* 


— READ * 




NG 






^\ 


^ALL BYTES. 


^** 








1 




( » 


ss ^ 


\ 


( 


RA 


IL 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24512AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM24512AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this conditions 
is manufacturer code. Device code is identified when address AO is set to V IH . 
These two codes possess an odd parity with the parity bit of MSB (07). 
The fallowing table shows electric signature of TMM24512AP/AF. 



PINS 
SIGNATURE 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 











1 





1 





1 


15 



Notes: A9=0L2V±O.5V 

A1^A8, A10^A15, CE, 0E=V IL 
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Unit in mm 




15.24 ±02 5 



ft 



+0.1 \ , 

025-0.05 -*_j/ 



0-15° 



w 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC54256AP/AF-150 



DESCRIPTION 



The TC54256AP/AF is a 32,768 word x 8 bit one time programmable read only memory, and 
molded in a 28 pin plastic package. The TC54256AP/AF 1 s access time is 150ns and has 
low power standby mode which reduces the power dissipation without increasing access 
time. The electrical characteristics and programming method are the same as U.V. 
EPROM TC57256AD ! s. Once programed, the TC54256AP/AF can not be erased because of 
using plastic DIP without transparent window. 



FEATURES 



Peripheral circuit: CMOS 
Memory cell : N-MOS 
Low power dissipation 

Active : 30mA/6.7MRz 

Standby: lOOyA 
Fast access time: 150ns 
Single 5V power supply 
Full static operation 
High speed programming mode 



H 



Inputs and outputs TTL compatible 



[PIN CONNECTION! (TOP VIEW) 



v ppC i 

A12C 2 
A7C3 



A6C 
A5C 
A4C 
A3C 
A2C 
A1C 
AOC 

oi c 

02C 
GNDC 



28 


D v cc 


27 


3 A14 


26 


DAI 3 


25 


J A8 


24 


3 A9 


23 


3 All 


22 


3 OE 


21 


3 A10 


20 


3 CE 


19 


3 07 


18 


□ 06 


17 


3 05 


16 


3 04 


15 


3 03 



Pin compatible with ROM TC53257P, TMM23256P, 
EPROM TMM27256D/AD, TC57256D/AD, One time 
PROM TMM24256P/AP and TC54256P 

Standard 28 pin DIP plastic package: 

TC54256AP 

Plastic Flat Package: TC54256AF 



BLOCK DIAGRAM 



^PP GND V CC 



OE < 
CE< 

AO 

Al 

A2 ' 

A3 ' 

A4 < 

A5 ' 

A6 < 

A7 < 

A8 < 

A9 < 

A10 < 

All < 

A12 < 

A13 < 

A14 ( 



00 01 02 03 04 05 06 07 



I I l.nnim 



OEand CE 
CIRCUIT 



OUTPUT BUFFERS 



COLUMN 
DECODER 



64 



COLUMN I/O 
CIRCUIT 



ROW 
DECODER 



512 



MEMORY CELL 

ARRAY 
32,768x8bi t 



I PIN NAMES 



A0^A14 


Address Inputs 


00^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE 


Output Enable Input 


VPP 


Program Supply 
Voltage 


v C c 


Vq£ Supply Voltage 
(+5V) 


GND 


Ground 



IMODE SELECTION! 



"^- ^_^^ PIN 
MODE ^^^-\_ 


CE 
(20) 


OE 
(22) 


vpp 

(1) 


VCC 
(28) 


00^07 
(llvL3, 15M.9) 


POWER 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


H 


12. & 

2) 

12.75V 


6*> 

2) 

6.25^ 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



* H or L 



i); 
2); 



HIGH SPEED PROGRAM MODE I, 
HIGH SPEED PROGRAM MODE E 
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MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V CC 


Vcc Power Supply Voltage 


-0.6^7.0 


V 


v PP 


Program Supply Voltage 


-0.6 ^14.0 


V 


VlN 


Input Voltage 


-0.6 <\,7.0 


V 


V I/0 


Input/Output Voltage 


-0.6 ^Vcc+0-5 


V 


P D 


Power Dissipation 


1.5 


W 


T SOLDER 


Soldering Temperature Time 


260 • 10 


°C • sec 


T STRG 


Storage Temperature 


-65 ^125 


°C 


T OPR 


Operating Temperature 


-40 ^85 


°C 



READ OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V CC 


Vqq Power Supply Voltage 


A. 50 


5.00 


5.50 


v pp 


Vpp Power Supply Voltage 


Vcc-0.6 


vcc 


Vcc+0.6 



DC and OPERATING CHARACTERISTICS (Ta=~40^85 


°C, V CC =5V±10%) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


!lI 


Input Current 


v IN =ov^v cc 


~ 


~ 


±10 


yA 


I CC01 


Operating Current 


CE=0V 


f=6.7MHz 


- 


- 


30 


mA 


I CC02 


f=lMHz 


- 


- 


15 


I CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


ICCS2 


CE=V CC -0.2V 


- 


- 


100 


PA 


V H 


Output High Voltage 


I 0H =-400viA 


2.4 


- 


~ 


V 


vol 


Output Low Voltage 


I 0L «2.1mA 


- 


- 


0.4 


V 


X PP1 


Vpp Current 


Vpp=V cc ±0.6V 


~ 


- 


±10 


PA 


X L0 


Output Leakage Current 


VqUT-O.AV ^Vcc 


- 


- 


±10 


PA 
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AC CHARACTERISTICS (Ta=-40^ 85°C, V CC=5V±10%, v PP=Vcc±0 


• 6V) 






SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


MAX . 


UNIT 


tACC 


Address Access Time 


CE»OE-V IL 


- 


150 


ns 


C CE 


CE to Output Valid 


OE=V IL 


- 


150 


t OE 


OE to Output Valid 


CE=V IL 


- 


70 


t DFl 


CE to Output in High-Z 


OE=V IL 





60 


t DF2 


OE to Output in High-Z 


CE=V IL 





60 


tQH 


Output Data in Hold Time 


CE=OE=V IL 





- 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels - 

• Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V% 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE 



(Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


v IN =ov 


- 


4 


6 


pF 


c OUT 


Output Capacitance 


v OUT =ov 


- 


8 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 

A0-A14 V 



CE 



OE 



O0-O7 



K 



N 



N%\m " 




M////////////////, 




♦ — 




U 


tDFl J 


m\\wr-^-- 


// 


W///7M//////M 




t ACC 






l DF2 






HIGH Z /////A 






£ HIGH Z 




XLW\ 


DATA OUTPUTS 
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HIGH SPEED PROGRAM MODE I 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


Vcc+1.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


V CC 


Vqq Power Supply Voltage 


5.75 


6.0 


6.25 


V 


v pp 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0. 25V, V PP = 


12.5V±0 


• 5V) 




SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


VlN=0 ^vec 


- 


- 


±10 


UA 


V 0H 


Output High Voltage 


I OH = - Z,00lJA 


2.4 


- 


- 


V 


V 0L 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


ice 


Vqq Supply Current 


- 


- 


- 


30 


mA 


TPP2 


Vpp Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0. 25V, v PP =12.5V±0.5V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C AS 


Address Setup Time 


- 


2 


- 


- 


us 


t AH 


Address Hold Time 


- 


2 


- 


- 


ys 


t CES 


CE Setup Time 


- 





- 


- 


ns 


t CEE 


CE Hold Time 


.. 





- 


- 


ns 


t 0ES 


61 Setup Time 


- 


2 


- 


- 


PS 


tDS 


Data Setup Time 


_ 


2 


- 


- 


ys 


t DH 


Data Hold Time 


- 


2 


- 


- 


ys 


tyTS 


Vpp Setup Time 


_ 


2 


- 


- 


ys 


t VCS 


V cc Setup Time 


- 


2 


- 


- 


ys 


t PW 


Initial Program Pulse Width 


CE=V IL) OE=V IH 


0.95 


1 


1.05 


ms 


t OPW 


Overprogram Pulse Width 


Note 1 


2.85 


3 


78.75 


ms 


tQE 


OE to Output Valid 


CE=Vi H 


- 


- 


100 


ns 


t DFP 


OE to Output in High-Z 


CE=V IH 


~ 


- 


90 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement RLference Level 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.2V, Output 0.SV and 2.0V 
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[HIGH SPEED PROGRAM OPERATION II [ 
DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0,8 


V 


V CC 


Vqq Power Supply Voltage 


6.00 


6.25 


6.50 


V 


V PP 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 


V 



DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6.25±0.25V, V PP =12. 75±0. 25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


Ili 


Input Current 


Vin=0 a, VCC 


- 


- 


±10 


yA 


VOH 


Output High Voltage 


I QH =_A00yA 


2.4 


- 


- 


V 


vol 


Output Low Voltage 


I 0L =2»lmA 


- 


- 


0.4 


V 


1 cc 


Vqq Supply Current 


- 


- 


- 


30 


mA 


TPP2 


Vpp Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 


VlD 


A9 Auto Select Voltage 


- 


11.5 


12.0 


12.5 


V 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C> V cc =6. 25±0. 25V S V PP =12 . 75±0. 25V) 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. . 


TYP. 


MAX. 


UNIT 


fc AS 


Address Setup Time 


- 


2 


- 


- 


US 


C AH 


Address Hold Time 


- 


2 


- 


- 


US 


tCES 


CE Setup Time 


- 





- 


- 


ns 


tCEH 


CE Hold Time 


_ 





- 


- 


ns 


t DS 


Data Setup Time 


- 


2 


- 


- 


us 


t DH 


Data Hold Time 


- 


2 


- 


- 


PS 


t VPS 


Vpp Setup Time 


- 


2 


- 


- 


us 


L vcs 


V cc Setup Time 


- 


2 


- 


- 


US 


t PW 


Program Pulse Width 


CE =VlL , OE=V IH 


0.095 


0.1 


0.105 


ms 


t OE 


OE to Output Valid 


CE-V IH 


- 


- 


100 


ns 


Z DE? 


OE to Output in High-Z 


CE=Vih 


- 


- 


90 


ns 



AC TEST CONDITIONS 

* Output Load 

♦ Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and Cl (lOOpF) 

10ns Max, 

0.45V to 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC54256AP/AF-150 



TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 
HIGH SPEED PROGRAM MODE H (V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



AO-A14 



OE 



v C c 



X 



topw 



i CEHi 



4* 



STABLE 



t OES 



\ 



> 



l vcs 




i OE 



i 



K 



Do UT VALID 



>■ 



PROGRAM VERIFY 



Note 1. V cc must be applied simultaneously or before V pp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5V (12.75V) may cause permanent damage to the device. 

3. The V pp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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[OPERATION INFORMATION! 



The TC54256AP/AF' s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



MODE 


' NAMES (NUMBER) 


CE 
(20) 


OE 

(22) 


V PP 
(1) 


vcc 

(28) 


00 ^ 07 
11 ^13, 15 ^19) 


POWER 


Read Operation 
(Ta=-40%85°C) 


Read 


L 


L 


5V 


5V 

• 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


1) 

12.5V 
2) 
12.75V 


1) 

6V 

2) 
6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



„ TT T TT . TT „ 1); HIGH SPEED PROGRAM MODE I 
Hote: H; V IH , L; V IL , *; V IH or V IL , 2 HIGH sp£ED ?RQGRm M0DE n 



READ MODE 



The TC54256AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=0E=Vjl s the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (t^cc^ • 
Assuming that CE^VjL and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 



OUTPUT DESELECT MODE 



Assuming that CE=Vx^ or OE=Vj H , the outputs will be in a high impedance state. 
So two or more TC54256AP/AF' s can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 



[STANDBY MODE 



The TC54256AP/AF has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC54256AP/AF is placed in the standby 
mode which reduce the operating current to lOOpA by applying MOS-high level (Vcc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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PROGRAM MODE; 



Initially, when received by customers, all bits of the TC54256AP/AF are in the 
"1" state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low level under OE=V IH . 

The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 



PROGRAM VERIFY MODE 



The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 
The verify is accomplished with OE at Vjl an ^ CE at Vj^ or Vjl • 



PROGRAM INHIBIT MODE 



Under the condition that the program voltage (+12. 5V or +12.75V) is applied to 
Vpp terminal, a TTL high level CE input inhibits the TC5A256AP/AF from being programmed. 
Programming of two or more TC54256AP/AF' s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, and 
a TTL Low level program pulse is applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 



HIGH SPEED PROGRAM MODE I 



The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the programming 
voltage (+12. 5V) is applied to the Vpp terminal with Vqq=6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
width of 3 times more than that needed for initial programming is applied. 
When programming has been completed, the data in all addresses should be verified with 
V cc =V P p=5V. 
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TC54256AP/AH50 



HIGH SPEED PROGRAM MODE I 



The device is set up in the high speed programming mode when the programming 

voltage (+12. 75V) is applied to the Vpp terminal with Vqc=6.25V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the CE 

input after addresses and data are stable. Then the programmed data is verified 

by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 

and then programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with V£Q--Vpp=5V. 



- K-39 - 



TC54256AP/AH50 



HIGH SPEED PROGRAM MODE I 



FLOW CHART 



C 



START 



NG 



ADDRESS = 
START ADDRESS 



I 



V PP = 1 2.5 V 






X = 














' 


' 




PROGRAM 1 rns PULSE 






i 






X = X + 1 





ADDR£SS = 
NEXT ADDRESS 




OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 



NO 
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TC54256AP/AH50 



HIGH SPEED PROGRAM MODE III 
FLOW CHART 




YES 



v cc = 

Vpp = 


5V 
5V 




READ ALL 


BYTES 
OK 


( PASS 


■) 



NG 



FAIL 
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TC54256AP/AH50 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC54256AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl i n read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is 
set to Vj^f. These two codes possess an odd parity with the parity bit of MSB 
(07). The following table shows electric signature of TC5A256AP/AF. 



"^\^^ PINS 
S I GNATU ReT^\^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 
(11) 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


VlH 


1 


1 











1 








C4 



Notes: A9=12V±0.5V 

A1^A8, AlO^AU, CE, 0E=V IL 
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TC54256AP/AM50 



OUTLINE DRAWINGS (DIP28-P-600) 
« TC5A256AP 




37.0±0.2 



Unit in mm 





•^ 



do 
+ I 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TC54256AP/AF-150 



OUTLINE DRAWINGS (SOP28-P-450) 
• TC54256AF 



Unit in mm 



18.5±0.2 



28 



15 



nnnnnnnnnnnnnn 



1.0 TYP. 



ciuukjuuu 



uuuuuu 



0.4 3±0. 1 



mz! 



e 



A 



X 






do 
+ I 



dot 
+ I 




1.0±0.2 



3 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the vasis of No.l and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 



description ] 



TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 



The TC54512AP/AF is a 65,536 word x 8 bit CMOS one time programmable read only memory, and 
molded in a 28 pin plastic package. For read operation, the TC54512AP/AF' s access time 
is 170ns/200ns, and the TC54512AP/AF operates from a single 5-volt power supply and has 
low power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 30mA/5.9MHz and standby 
current to lOOpA. The electrical characteristics and programming method are the same 
as U.V. EPROM TC57512AD's. Once programmed, the TC54512AP/AF can not be erased because 
of using plastic DIP without transparent window. 



FEATURES 



Peripheral circuit: CMOS 
Memory cell : N-MOS 

Fast access time: 
TC54512AP/AF-17 170ns 
TC54512AP/AF-20 200ns 

Low power dissipation 
Active : 30mA/5.9MHz 
Standby: lOOuA 

Full static operation 



IPIN CONNECTION! (TOP VIEW) 



A15 C 


1 v 


28 


p v cc 


A12 C 


2 


27 


3 A14 


A7 C 


3 


26 


t3 A13 


A6 C 


4 


25 


3 A8 


A5 C 


5 


24 


3 A9 


A4 C 


6 


23 


3 All 


A3 C 


7 


22 


3 OE/Y 


A2 C 


8 


21 


3 A10 


Al C 


9 


20 


3 CE 


A0 C 


10 


19 


3 07 


00 C 


11 


18 


3 OS 


01 C 


12 


17 


3 05 


02 C 


13 


16 


3 04 


GND C 


14 


15 


3 03 



PIN NAMES] 


AO ^ A15 


Address Inputs 


00^07 


Outputs (Inputs) 


CE 


Chip Enable Input 


OE/Vpp 


Output /Program 
Enable / Supply 
Input / Voltage 


vcc 


Power Supply 
Voltage (+5V) 


GND 


Ground 



High speed programming mode I, It 

Inputs and outputs TTL compatible 

Standard 28 pin DIP plastic package: TC54512AP 

28 pin plastic Flat Package : TC54512AF 



BLOCK DIAGRAM 



OO 01 02 3 04 05 06 07 



OE O- 1 - 

cHT o 



pp UlN V \(2Q UU Ul K}£ U.5 U-4 U3 UO \J I 

•y y y , y y ? ? y y y y 



OE.CE CIRCUIT 



OUTPUT BUFFERS 



AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

Al 1 

A12 

A13 

A14 

Al 5 



COLUMN 
DECODER 



64 



COLUMN 1/0 
CIRCUIT 



ROW 
DECODER 



1,024 



MEMORY CELL 

ARRAY 
6 5.5 3 6 x8 bits 



NODE SELECTION! 



^^"^^-^ PIN 

MODE ^ — -^_ 


CE 
(20) 


OE/Vpp 
(22) 


vcc 

(28) 


00^07 
(11^13, 15^19) 


POWER 


Read 


L 


L 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program 


L 


Vpp 


6V 1 ) 
2) 

6.25V 


Data In 


Active 


Program Inhibit 


H 


Vpp 


High Impedance 


Program Verify 


L 


L 


Data Out 



H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE IE 
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TC54512AM7, TC54512AF-17 
TC54512AP-20, TC54512AF-20 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vqq Power Supply Voltage 


-0.6 ^7.0 


V 


V PP 


Program Supply Voltage 


-0.6 ^ 14.0 


V 


VlN 


Input Voltage 


-0.6^7.0 


V 


Vl/O 


Input/Output Voltage 


-0.6 ^V cc +0..5 


V 


p D 


Power Dissipation 


1.5 


w 


T SOLDER 


Soldering Temperature* Time 


260 • 10 


°C-see 


T STG 


Storage Temperature 


-65 ^125 


°C 


TOPR 


Operating Temperature 


-40 ^85 


°C 



READ OPERATION 



D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


TC54512AP/AF-17/TC54512AP/AF-20 


Ta 


Operating Temperature 


-40 ^ 85°C 


vcc 


Vqq Power Supply Voltage 


5V±5% 



D.C. AND OPERATING CHARACTERISTICS 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


*LI 


Input Current 


V IN =0 %Vcc 


- 


- 


±10 


PA 


lLO 


Output Leakage Current 


V OUT =0.4 ^V CC 


- 


- 


±10 


PA 


I CC01 


Operating Current 


CE"=0V 
IquT^O 11 ^ 


f=5.9MHz 


- 


- 


30 


mA 


I CC02 


f-lMHz 


- 


- 


10 


I CCS1 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


X CCS2 


CE=V CC -0.2V 


- 


- 


100 


MA 


VlH 


Input High Voltage 


- 


2.2 


- 


V cc +0.3 


V 


V IL 


Input Low Voltage 


- 


-0.3 


- 


0.8 


V 


V H 


Output High Voltage 


I OH =-400uA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


I 0L =2 - lmA 


- 


- 


0.4 


V 


^PPI 


Vpp Current 


V pp =0 <\,V cc +0.6 


- 


- 


±10 


yA 
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A.C. CHARACTERISTICS 



TC54512AM7, TC54S12AH7 
TG54512AP-20, TC54512AF-20 



SYMBOL 


PARAMETER 


TEST CONDITION 


TC54512AP/AF-17 


TC54512AP/AF-20 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tACC 


Address Access Time 


CE=OE=Vi L 


- 


170 


- 


200 


ns 


t CE 


CE to Output Valid 


OE=Vi L 


- 


170 


- 


200 


ns 


t OE 


OE" to Output Valid 


CE=Vi L 


- 


70 


- 


70 


ns 


tDFl 


CE to Output in High-Z 


OE«Vil 





60 





60 


ns 


t DF2 


OE to Output in High-Z 


CE-Vil 





60 





60 


ns 


tQH 


Output Data Hold Time 


CE=OE=V IL 





- 





- 


ns 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V^2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 



CAPACITANCE *(Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN1 


Input Capacitance 


VlN=0V 


- 


4 


6 


pF 


ClN2 


OE/Vpp Input Capacitance 


V IN =0V 


- 


50 


60 


P F 


Cqut 


Output Capacitance 


VQUT=V 


- 


8 


12 


pF 



* This parameter is periodically sampled and is not 100% tested. 
TIMING WAVEFORMS 



A0-A1 5 



DC 



K 



l OH 



CE 



\\\\\\\ 



l 0E 



^ACC 



00-07 



HIGH Z 



^<: 



?777777 



DATA OUTPUT 



; DF2 



v7 



'///// 



HIGH Z 
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TC54512AM7, TC54512AF-17 
TC54512AF20, TC54512AF-20 



HIGH SPEED PROGRAM MODE I 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


Vcc Power Supply Voltage 


5.75 


6.0 


6.25 


V 


V PP 


Vpp Power Supply Voltage 


12.0 


12.5 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0. 25V, V PP =12.5v±0.5v) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. . 


UNIT 


X LI 


Input Current 


v IN =o^v cc 


- 


- 


±10 


UA 


V H 


Output High Voltage 


I OH =-400pA 


2.4 


- 


- 


V 


V OL 


Output Low Voltage 


I 0L =2 - lmA 


- 


- 


0.4 


V 


x cc 


Vqq Supply Current 


- 


- 


- 


30 


mA 


X PP2 


Vpp Supply Current 


V PP =13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, v cc «6V+0.25V, V PP =12.5v±0.5v) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


tAS 


Address Setup Time 


- 


2 


- 


- 


US 


C AH 


Address Hold Time 


- 


2 


- 


- 


PS 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


PS 


tOEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


PS 


t PRT 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


C DS 


Data Setup Time 


- 


2 


- 


- 


US 


tDH 


Data Hold Time 


- 


2 


- 


- 


MS 


C VR 


OE/Vpp Recovery Time 


- 


2 


- 


- 


PS 


t VCS 


Vcc Setup Time 


- 


2 


- 


- 


PS 


1 PW 


Initial Program Pulse Width 


CE=V IL , OE/V PP =Vpp 


0.95 


1.0 


1.05 


ms 


tOPW 


Overprogram Pulse Width 


Note 1 


2.85 


3.0 


78.75 


ms 


tDV 


Data Valid from CE 


0E/V PP =V IL 


- 


- 


1 


US 


t DF 


CE to Output in High-Z 


0E/Vpp=Vi L 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TC54512AM7, TC54512AH7 
TC54512AP-20, TC54512AF20 



HIGH SPEED PROGRAM MODE II 



DC RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


v C c 


Vqq Power Supply Voltage 


6.0 


6.25 


6.5* 


V 


V PP 


Vpp Power Supply Voltage 


12.5 


12.75 


13.0 


V 



DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


ILI 


Input Current 


V IN =0^V CC 


- 


- 


±10 


pA 


V H 


Output High Voltage 


VoH=-400mA 


2.4 


- 


- 


V 


V OL 


Output Low Voltage 


I 0L =2.1mA 


- 


- 


0.4 


V 


I CC 


Vqc Supply Current 


- 


- 


- 


30 


mA 


IPP2 


Vpp Supply Current 


V pp =13.0V 


- 


- 


50 


mA 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C» V C c=6.25V±0,25v, V PP = 


12.75V±0.25V) 




SYMBOL 


PAPAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C AS 


Address Setup Time 


- 


2 


- 


- 


PS 


t AU 


Address Hold Time 


- 


2 


- 


~ 


PS 


tOES 


OE/Vpp Setup Time 


- 


2 


- 


- 


PS 


tOEH 


OE/Vpp Hold Time 


- 


2 


- 


- 


ps 


tPRI 


OE/Vpp Pulse Rise Time 


- 


50 


- 


- 


ns 


C DS 


Data Setup Time 


- 


2 


- 


- 


PS 


t DH 


Data Hold Time 


- 


2 


- 


- 


PS 


l VR 


OE/Vpp Recovery Time 


« 


2 


- 


- 


PS 


C VCS 


Vcc Setup Time 


- 


2 


- 


- 


PS 


tpw 


Program Pulse Width 


CE=Vi L , 0E/Vpp=V P p 


0.095 


0.1 


0.105 


ms 


fc DV 


Data Valid from cF 


OE"/V pp =V IL 


- 


- 


1 


PS 


tDF 


CE to Output in High-Z 


0E/Vp P =ViL 


- 


- 


130 


ns 



AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 



TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0. 25V, V pp =12. 5V±0. 5V) 
HIGH SPEED PROGRAMMING MODE II (Vcc*6. 25V±0. 25V, V PP =12 . 75V±0. 25V) 



A0-A15 



CE 



OB/Vpp 



O0-O7 



V CC 



x 



l OES 



L PW 



t pw 



/ D 1N STABLE \ 



P HOG RAM 



'DP 



<^ Dqut VALID / 



PROGRAM VERIFY 



X 



Note 1. Vqq must be applied simultaneously or before V PP and cut off 
simultaneously or after V Pp . 

2. Removing the device from socket and setting the device in socket with 
V PP =12.5±0.5V or V PP =12 . 75±0. 25V may cause permanent damage to the 
device. 

3. The V PP supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V pp terminal. 
When the switching pulse voltage is applied to the V PP terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 



OPERATION INFORMATION 



The TC54512AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



-— -~-~_____PIN NAMES (NUMBER) 

MODE ~~"*~ " ~— _ ___ 


CE 
(20) 


OE 
(22) 


V PP 
(1) 


vcc 

(28) 


00 ^07 
(11*13, 15 *19) 


POWER 


Read Operation 
(Ta— 40 ^85°C) 


Read 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


H 


High Impedance 


Standby 


H 


* 


High Impedance 


Standby 


Program Operation 
(Ta=25±5°C) 


Program 


L 


H 


12.5V 1) 
12.75V 2) 


6V" 

6.25V 


Data In 


Active 


Program Inhibit 


H 


H 


High Impedance 


Program Verify 


* 


L 


Data Out 



Note: H; V IH , L; V IL> 



'IH 



or V 



1); HIGH SPEED PROGRAM MODE I 
IL * 2); HIGH SPEED PROGRAM MODE II 



READ MODE 



The TC54512AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. The output enable (OE) 
control the output buffers, independent of device selection. Assuming that CE=OE~=Vil, 
the output data is valid at the outputs after address access time from stabilizing of 
all addresses. The CE to output valid (tcE) is equal to the address access time 
(tACC)* Assuming that CE=Vjl and all addresses are valid, the output data is valid 
at the outputs after tQg from the falling edge of OE. 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 



OUTPUT DESELECT MODE 



Assuming that CE=Vj H or OE=V IH » the outputs will be in a high impedance state. So two 
or more TC54512AP/AF* s can be connected together on a common bus line. When CE is 
decode for device selection, all deselected devices are in low power standby mode. 



STANDBY MODE 



The TC54512AP/AF has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC54512AP/AF is placed in the standby mode which re- 
duce the operating current to lOOpA by applying MOS-high level (Vcc) an & then the 
outputs are in a high impedance state, independent of the OE inputs. 



PROGRAM MODE 



Initially, when received by customers, all bits of the TC54512AP/AF are in the "1" 
state which is erased state. Therefore the program operation is to introduce "O's" 
data into the desired bit locations by electrically programming. The TC54512AP/AF 
is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at 
TTL-Low level. The TC54512AP/AF can be programmed any location at any time either 
individually, sequentially, or at random. 



[PROGRAM VERIFY MODE! 

The verify mode is to check that desired data is correctly programmed on the pro- 
grammed bits. The verify is accomplished with OE/Vpp at Vxl an ^ CE at Vjl* 



PROGRAM INHIBIT MODE 



Under the condition that the program voltage (+12. 5V or +12.75V) is applied to Vpp 
terminal, a high level CE" input inhibits the TC54512AP/AF from being programmed. 
Programming of two or more TC54512AP/AF' s in parallel with different data is easily 
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL 
low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 



HIGH SPEED PROGRAM MODE I 



This high speed programming mode I is performed at Vqq=6.0V and OE/Vpp=12 . 5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 

3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 

with Vcc=5V. 



HIGH SPEED PROGRAM MODE II 



The program time can be greatly decreased by using this high speed programming mode 

II . This high speed programming mode n is performed at Vqq=6.25V and 0E/Vpp=12. 75V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then the programmed data is verified. This should be repeated until the program 

operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with Vcc=5V. 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 



HIGH SPEED PROGRAM MODE I 



FLOW CHART 



C START J 
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TC54512AM7, TC54512AH7 
TC54512AM0, TC54512AF-20 



HIGH SPEED PROGRAM MODE n 



FLOW CHART 



C STARTJ 



V cc = 6.2 5± 0.2 5 V 
V PP = 1 2.7 5±0.2 5V 

I 




Q PASS J 
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T054512AM7, TC54512AH7 
TC54512AP-20, TC54512AF-20 



ELECTRIC SIGNATURE MODE 



Electric signature mode allows to read out a code from TC54512AP/AF which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC54512AP/AF by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this condi- 
tions is manufacturer code. Device code is identified when address AO is set to 
Vih» These two codes possess an odd parity with the parity bit of MSB (07) . 
The following table shows electric signature of TC54512AP/AF. 



^^"\^^ PINS 

signature"^\^^ 


AO 
(10) 


07 
(19) 


06 
(18) 


05 
(17) 


04 
(16) 


03 
(15) 


02 
(13) 


01 
(12) 


00 

(11) 


HEX. 
DATA 


Manufacture Code 


V IL 


1 








1 


1 











98 


Device Code 


VlH 


1 














1 





1 


85 



Notes: A9=12V±0.5V 

A1^A8, A10^A15, CE, 0E=Vi L 
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TC54512AM7, TC54512AH7 
TC54512AP-20, TC54512AF-20 



OUTLINE DRAWINGS (TC54512AP) DIP28-P-600 



Unit in mm 



28 15 




) 

UJ L-J L-J L-J 1 1 I J 1. J UJ L-J L,J 1 1 1 1 111 1 


o 
■H 
o 




7 3 




Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 



- K-57 ■ 



TC54512AM7, TC54512AH7 
TC54512AP-20, TC54512AF-20 



OUTLINE DRAWINGS (TC54512AF) SOP28-P-450 



Unit in mm 



18.510.2 



28 15 

n nnnnnnnnnnnnn 



; 



l.OTYP. 



■ I . M || i ll .'i 



UUUOPUU 



uuuuuu 



0.43±0.1 



1.27 



# 0.25 (j 



( uuuquuu uuduuuilL 



J 



M, 



"S 




Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC541000P/F-20, -25 
TC541001P/F-20, -25 



DESCRIPTION 



The TC541000P/F and TC541001P/F are 131,072 word x 8 bit one time programmable 
read only memory, and molded in a 32 pin plastic package. 

The access time of TC541000P/F and TC541001P/F are 200ns/250ns and has low power stand- 
by mode which reduces the power dissipation without increasing access time. The 
electrical characteristics and programming method are the same as U.V. EPROM TC571000D/ 
TC571001D's. Once programed, the TC541000P/F and TC541001P/F can not be erased be- 
cause of using plastic DIP without transparent window. 



FEATURES! 



Peripheral circuit: CMOS 
Memory cell : N-MOS 
Fast access time 

TC541000P/F-20/TC541001P/F-20: 200ns 

TC541000P/F-25/TC541001P/F-25: 250ns 
Low power dissipation 

Active : 30mA/5.0MHz 

Standby: lOOuA (Ta=85°C) 
Single 5V power supply 



• Wide operating temperature range: -40^85°C 

• Full static operation 

• High speed programming operation: tpy 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC541000P 

• 1M MROM compatible : TC541001P 

• TC541000P/TC541001P: 

Standard 32 pin DIP plastic package 

• TC541000F/TC541001F: Plastic flat package 



|PIN CONNECTION! (TOP VIEW) 



v PPC 

A16 [ 
A15 
A12 C 

A7 

A6 C 

A5 C 

A4 

A3 : 

A2 [ 

Al 

A0 

DO 

Dl 

D2 



GND [16 



32p^CC 
3 1 ] PGM 
30 3NC 
29 3A14 
28 3A13 
7 3A8 
5 ]A9 
> 3 AH 
I 3 0E 
1 3A10 
23CE 
I 3D7 



3D6 
3D5 
3D4 
3D3 




(Reference ) 



A15[ 
A12[ 
A7[ 
A6C 
A5C 
A4C 
A3C 
A2C 
A1C 
A0C 
DOC 



D1C12 

D2[13 

GND C 1 4 



28p 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 



V CC 
J A14 
3 A13 
] A8 
3 A9 
3 All 
3 A16 
3A10 
3CE 
3D7 
3D6 
3D5 
3D4 
3D3 



TC541000P/T 



TC541001P/T 



, 1M Mask ROM n 
^ TC531000P ; 



Ipin namesI 


A0^ A16 


Address Inputs 


D0^ D7 


Outputs (Inputs) 


CE 


Chip Enable 
Inputs 


OE 


Output Enable 
Input 


PGM 


Program Control 
Input 


VCC 


V cc Supply 
Voltage 


Vpp 


Program Supply 
Voltage 


GND 


Ground 


NC |No Connection 
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TC541000P/F-20, -25 
TC541001P/F-20, -25 



BLOCK DIAGRAM 



OE 

CE 

PGM 

AO 
Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AlO 

All 

A12 

A13 

A14 

A15 

A16 



Vpp CKD V cc 00 01 02 03 04 05 06 07 



0E CE p GM [__] OUTPUT BUFFERS 
CIRCU IT 



COLUMN 
DECODER 



ROW 

DECODER 



128 



COLUMN I/O 
CIRCUIT 



MEMORY CELL 

ARRAY 
131,072x8bi ts 



Imode selectionI 
















^^--^_ PIN 

MODE ^\^^ 


PGM 


CE 


OE 


Vpp 


vcc 


00 ^07 


POWER 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselect 


* 


* 


H 


High Impedance 


Standby- 


* 


H 


•k 


High Impedance 


Standby 


Program 


L 


L 


H 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program Verify 


H 


L 


L 


Data Out 



H or L 



IMAXIMUM RATINGS! 






SYMBOL 


ITEM 


RATING 


UNIT 


vcc 


Vcc Power Supply Voltage 


-0.6 'W.O 


V 


Vpp 


Program Supply Voltage 


-0.6 %14.0 


V 


VlN 


Input Voltage 


-0.6 ^7.0 


V 


vi/o 


Input/Output Voltage 


-0.6 %Vcc +0 - 5 


V 


PD 


Power Dissipation 


1.5 


V 


TSOLDER 


Soldering Temperature . Time 


260 • 10 


°C-sec 


T STRG 


Storage Temperature 


-65 o,l25 


°C 


T OPR 


Operating Temperature 


-40 ^85 


°C 
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TC541000P/F-20, -25 
TC54I001P/F-20, -25 



J READ OPERATION] 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


V cc +0.3 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


vcc 


^CC Power Supply Voltage 


4.75 


5.00 


5.25 


V PP 


Vpp Power Supply Voltage 


v C c-°- 6 


vcc 


Vcc+0.6 



D.C. a 


nd OPERATING CHARACTERISTICS (Ta=-40 ^ 


85°C, V CC = 


= 5V±5%) 








SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. | MAX. 


UNIT 


*LI 


Input Current 


V IN =0%V CC 


_ 


- 


±10 


PA 


I CC01 


Operating Current 


CE=0V 

I OUT =0mA 


f=5.0MHz 


- 


- 


30 


mA 


ICC02 


f=lMHz 


- 


- 


10 


iccsi 


Standby Current 


CE=V IH 


- 


- 


1 


mA 


I CCS2 


CE=VCC-0.2V 


- 


_ 


100 


UA 


v OH 


Output High Voltage 


I OH =~400pA 


2.4 


- 


- 


t t 


V 0L 


Output Low Voltage 


IOL^ 2 -1mA 


- 


- 


0.4 


Y T 


Tppi 


Vpp Current 


Vpp=Vcc±°- 6V 


_ 


_ 


±10 


uA 


ILO 


Output Leakage Current 


V OUT =0.AV.V CC 


- 


- 


±10 


PA 



A S C. CHARACTERISTICS (Ta—40 ^85°C, 


V CC -5V±5Z, 


Vp p = V CC ± 0.6V) 






SYMBOL 


PARAMETER 


TC54 1000P-20/TC541001P-20 
TC54 1000F-20/TC54 1001F-20 


TC54 1000P-2 5/TC5 41001P-2 5 

TC541000F-2 5/TC541Q01F-2 5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


t ACC 


Adaress Access Time 


_ 


200 


- 


250 


ns 


C CE 


CE to Output Valid 


- 


200 


_ 


250 


c OE 


OE to Output Valid 


- 


70 


- 


100 


C PGM 


PGM to Output Valid 


- 


70 


- 


100 


C DF1 


CE to Output in High-Z 





60 





90 


C DF2 


OE to Output in High-Z 





60 





90 


t DF3 


PGM to Output in High-Z 





60 





90 


t OH 


Output Data Hold Time 





- 





- 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 



1 TTL Gate and C L =100pF 

10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC541000P/F-20, -25 
TC541001P/F-20, -25 



CAPACITANCE* (Ta=25°C, f=lMHz) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


C IN 


Input Capacitance 


Vin=0V 


- 


4 


8 


pF 


COUT 


Output Capacitance 


V0UT=0V 


- 


10 


12 



* This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS (READ) 



AO ~Al 6 



CE 



OE 



Xn 



00-07 



tCE 



tOE 



l PG\i 



Ucc 



HIGH Z 



X 



tQH 



DATA OUTPUT 



t DF2 



i DT3 
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TC541000P/F-20, -25 
TC541001P/F20, -25 



IHIGH SPEED PROGRAM OPERATION 1 
D.C. RECOMMENDED OPERATING CONDITIONS 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VlH 


Input High Voltage 


2.2 


- 


vcc+i.o 


V 


VIL 


Input Low Voltage 


-0.3 


- 


0.8 


vcc 


V CC Power Supply Voltage 


6.00 


6.25 


6.50 


Vpp 


Vpp Power Supply Voltage 


12.50 


12.75 


13.00 



D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25±0.25V, V PP =12. 75±0.25V) 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN. 


TYP. 


MAX. 


UNIT 


X LI 


Input Current 


v IN =o^v C c 


- 


- 


±10 


UA 


VOH 


Output High Voltage 


IOH^OOyA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


IOL=2.1mA 


- 


- 


0.4 


V 


I cc 


Vcc Supply Current 


- 


- 


- 


30 


mA 


Ipp 2 


Vpp Supply Current 


Vpp=13.0V 


- 


- 


50 


mA 



A.C. PROC 


HAMMING CHARACTERISTICS (Ta=25±5°C, V cc =6. 


25±0.25V, Vp P =12.75±0 


25V) 


SYMBOL 


PARAMETER 


TEST CONDITION | MIN. 


TYP. 


MAX. 


UNIT 


C AS 


Address Setup Time 


- 


2 


- 


- 


ys 


C AH 


Address Hold Time 


- 


2 


- 


- 


ys 


t CES 


CE" Setup Time 


- 


2 


- 


- 


ys 


t CEH 


CE Hold Time 


- 


2 


- 


- 


ys 


t DS 


Data Setup Time 


- 


2 


- 


- 


ys 


C DH 


Data Hold Time 


- 


2 


- 


- 


ys 


t VS 


Vpp Setup Time 


- 


2 


- 


- 


ys 


t PW 


Program Pulse Width 


- 


0.095 


0.1 


0.105 


ms 


t OE 


OE to Output Valid 


- 


- 


- 


100 


ns 


t DF2 


OE to Output in High-Z 


CE-Vil 


- 


- 


90 


ns 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 
•Input Pulse Levels 

•Timing Measurement Reference Level 



1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC541000P/F-20, -25 
TC541001P/F-20, -25 



HIGH SPEED PROGRAM OPERATION 
TIMING CHART 



X 



K 



tAS 



CE 



OE 



^t= 



00-07 



PGNf 



UNKNOWN 



l DF2 



tCEH 



/////// 



l 0E 



\ / Dj N STABLE \ / DquT VALID \ 



*DF 



tvs 



tpw 



-DH 



l DF2 



V PP 



Note: 1. Vcc must be applied simultaneously or before Vpp and cut off simul- 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 1AV for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC541Q00P/F-20, -25 
TC541001P/F20, -25 



OPERATION INFORMATION 



The TC541000P/F/TC541001P/F f s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



^^— ^___ 


PGM 


CE 


OE 


V PP 


vcc 


00 ^07 


POWER 


READ 

OPERATION 

(Ta=-4CH,85°C) 


Read 


H 


L 


L 


5V 


5V 


Data Out 


Active 


Output Deselct 


* 


* 


H 


High Impedance 


Standby 


* 


H 


* 


High Impedance 


Standby 


PROGRAM 

OPERATION 

(Ta=25±5°C) 


Program 


L 


L 


H 


12.75V 


6.25V 


Data In 


Active 


Program Inhibit 


* 


H 


* 


High Impedance 


H 


L 


H 


High Impedance 


Program Verify 


H 


L 


L 


Data Out 



Note: H; V JH , L; V IL , *; V IH or V IL 



IREAD MODE 



The TC5A1000P/F/TC5A1001P/F has three control functions. The chip enable (CE) controls 

the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 

independent of device selection. 

Assuming in that CE=0E=Vxl and PGM=Vjh, tn e output data is valid at the output after 

address access time from stabilizing of all addresses. 

The CE to output valid (tQE) is equal to the address access time (t^cc) * 

Assuming that CE=Vtl, ?GM =V IH and all addresses are valid, the output data is valid 

at the outputs after tQ£ from the falling edge of OE. 

And assuming that CE=0E=Vil and all addresses are valid, the output data is valid at 

the outputs after tpQ^ from the rising edge of PGM. 



OUTPUT DESELECT MODE 



Assuming that CE=Vih or 0E=Vjh, the outputs will be in a high impedance state. 
So two or more ROMs can be connected together on a common bus line. 
When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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TC541000P/F-20, -25 
TC541001P/F20, -25 

[STANDBY HOPE] 

The TC541000P/F/TC541001P/F has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC541000P/F/TC541001P/F is placed in the 
standby mode which reduce the operating current to lOOyA by applying MOS-high level 
(Vqq) and then the outputs are in a high impedance state, independent of the OE 
inputs. 



[PROGRAM MO DEl 

Initially, when received by customers, all bits of the TC541000P/F/TC541001P/F are in 

the "1" state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 

locations by electrically programming. 

The levels required for all inputs are TTL. The TC541000P/F/TC541001PF can be 

programmed any location at anytime either irdividually , sequentially, or at 

random. 



PROGRAM VERIFY MODE 



The verify mode is to check that the desired data is correctly programmed on the 

programmed bits. 

The verify is accomplished with OE and CE at Vil and PGM at Vjh. 



PROGRAM INHIBIT MODE 



Under the condition that the program voltage (4-12. 75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC541000P/F/TC541001P/F from being 
programmed. Programming of two or more EPROMs in parallel with different data is 
easily accomplished. That is, all inputs except for CE or PGM may be commonly 
connected, and a TTL low level program pulse is applied to the CE and PGM of the 
desired device only and TTL high level signal is applied to the other devices. 
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TC541000P/F-20, -25 
TC5410OlP/F2O,-25 



[HIGH SPEED PROGRAM OPERATION 



The device is set up in the high speed programming mode when the programming voltage 

(+12. 75V) is applied to the V pp terminal with V CC =6.25V and PGM=V IH . 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 

input after addresses and data are stable. Then the programmed data is verified by 

using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 

then programmed data is verified. This should be repeated until the program operates 

correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 

with Vcc=V P p=5V. 
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TC541000P/F20, -25 
TC541001P/F-20,-25 



HIGH SPEED PROGRAM OPERATION 



FLOW CHART 



ADDRESS 

= NEXT ADDRESS 



C START J 



V cc = 62 5 ±0.2 5 V 
V pp = 1 2.7 5 ±0.2 5 V 




Q PASS J 



C FAIL ) 
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TC541000P/F-20, -25 
TC541001P/F-20, -25 



ELECTRIC SIGNATURE MODE 



Electric signature mode allows to rend out a code from TC541000P/F/TC541001P/F which 
identifies it f s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC541000P/F/TC541001P/F by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con- 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjh. These two codes possess an odd parity with the parity bit of MSB (07). 
The following table shows electric signature of TC541000P/F/TC541001P/F. 



SIGNATURE ^— — ^— ^^1 


AO 


07 


06 


05 


04 


03 


02 


01 


00 


HEX. 
DATA 


Manufacture Code 


VlL 


1 








1 


1 











98 


Device Code 


TC541000P/F 


VlH 


1 














1 


1 





86 


TC541001P/F 

















1 


1 


1 


07 



Notes: A9=12V±0.5V 

A1^A8, A10^A16, CE, 0E=V il 
PGM=V IH 
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TC541000P/F-20, -25 
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OUTLINE DRAWINGS 



Unit in mm 



32 17 




) 


CM 
O 
+1 

o 


LJLJLJLJLJL-JLJUJLJLJLJLJLJLJLJLJ 







Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC541000P/F-20, -25 
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OUTLINE DRAWINGS 
Plastic FP 



Unit: mm 



aaaaBaaaaQgaaaBa 




^ 



^ 



2 0.6± 0.2 






/ \ 


*z 


vinnuauixiuuLiaraxai 




o 


1 \o\ a. | 


© 


— ro 




0.8±0.2 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC531000CM2, TC531000CP 
TC531000CM2, TC531000CF 



DESCRIPTION 



The TC531000CP/CF is a 1,048,576 bits read only memory organized as 131,072 words by 8 
bits with a low bit cost, thus being suitable for use in program memory of micro- 
processor, especially character generator. The TC531000CP/CF using CMOS technology is 
most suitable for low power applications where battery operation are required. 
The TC531000CP/CF has one chip enable input CE/CE, programmable for device selection. 



FEATURES 



TC531000CP/CF 


120ns 
Version 


150ns 

Version 


Access Time (max.) 


120ns 


150ns 


Power Dissipation 
Operation Current (max.) 


40mA 


35mA 


Power Dissipation 
Standby Current (max.) 


20yA 


20uA 



PIN CONNECTION 



A15C1 
Al 2Q2 
A7 C3 
A6C4 
A5 C 5 
A4C6 
A3C7 
A2C8 
Al C9 
A0 C10 
DO C 11 
Dl C 12 
D2C 13 
GNDC 14 



^J~ 



JV 



DD 

DA14 

3A13 

DA8 

DA9 

DA11 
:3A16 

DA10 

13 CE/CE 
' 3D7 

3D6 

3D5 
OD4 

DD3 



PIN NAMES 



A0 ^ A16 


Address Inputs 


D0^D7 


Data Outputs 


CE/CE 


Chip Enable Input 


VDD 


Power Supply 


GND 


Ground 



Single 5V Power Supply 

All Inputs and Outputs: TTL Compatible 

Three State Outputs 

Fully Static Operation 

Programmable Chip Enable 

Package 
Plastic DIP: 
Plastic FP : 



TC531000CP 
TC531000CF 



BLOCK DIAGRAM 

GND 



V DD LriNJ 

1 ! 



DO Dl D2 D3 D4 D5 D6 D7 

THTfHt 



CE O— <{>- 



A0 ■ 

Al 

A2 < 

A3 < 

A4 

A5 

A6 

A7 i 

A8 

A9 
A10 
All 
A12 > 
A13 
A14 
A15 
A16 



OUTPUT BUFFERS 



> COLUxMN DECODERS 



O 



1 3 1,0 72X8 



MEMORY CELLES 
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TC531000CM2, TC531000CP 
TC531000CH2, TC531000CF 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


v D d 


Power Supply Voltage 


-0.5 'v 7.0 


V 


VlN 


Input Voltage 


-0.5 ^ V DD 


V OUT 


Output Voltage 


^ V D d 


?D 


Power Dissipation 


1.0/0.6 * 


W 


T STG 


Storage Temperature 


-55 ^ 150 


°c 


T OPR 


Operating Temperature 


-40 ^ 70 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C«sec 



Note: 



Plastic FP 



DC OPERATING CONDITIONS (Ta=-A0^ 70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


V D D 


Power Supply Voltage 


A. 5 


5.0 


.5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD +0.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



DC and OPERATING CHARACTERISTICS (Ta=-40^ 70°C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN =o ^ v DD 


- 


±1.0 


UA 


ILO 


Output Leakage Current 


CE=V IH> V UT= ^ V DD 


- 


±5.0 


lOH 


Output High Current 


V OR =2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


3.2 


- 


IDDS1 


Standby Current 


CE=0.8V (CE=2.2V) 


- 


2 


IDDS2 


Standby Current 


CE»0.2V (CE=V D d-0.2V) 


- 


20 


yA 


I DD01 


Operating Current 


v IN =v IH /v IL 

lQrjx = 0mA 


t C y C i e =120ns 


- 


50 


mA 


t C y C i e =150ns 


- 


45 


I DD02 


V IN =V DD -0.2V/0.2V 
IqU^OihA 


t C y C i e =120ns 


- 


40 


tcycle^ 150118 


- 


35 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=lMHz, Ta=25°C 


- 


10 


pF 


COUT 


Output Capacitance 


f=lMHz, Ta=25°C 


- 


10 



Note: This parameter is periodically sampled and is not 100% tested. 
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TC531080CM2, TC531000CP 
TC531000CH2, TC53100HCF 



AC CHARACTERISTICS (V DD =5V±10%, Ta=-A0^70° 


C) 










SYMBOL 


PARAMETER 


120ns Version 


150ns Version 


UNIT 


MIN. 


MAX. 


MIN. 


MAX . 


t cycle 


Cycle Time 


120 


- 


150 


- 


ns 


tACC 


Access Time 


- 


120 


- 


150 


t CE 


Chip Enable Access Time 


- 


120 


- 


150 


tCED 


Output Disable Time 


- 


50 


- 


50 


t 0H 


Output Hold Time 


5 


- 


5 


- 



AC TEST CONDITION 

• Output Load. : lOOpF + 1TTL 

• Input Levels : 0.6V, 2.4V 

• Timing Measurement Reference Levels 



Input Rise and Fall Time 



Input : 0.8V, 2.2V 
Output: 0.8V, 2.0V 

: 5ns 



TIMING WAVEFORMS 



A0-A16 



CE/CE 



D OUT 



X 



X 



T CYC 



Valid 



l CE 



CE 




OPERATING MODE 



MODE 


CE(CE) 


AO ^ 16 


Outputs 


Power 


Read 


L(H) 


Valid 


Data Out 


Operating 


Standby 


H(L) 


* 


High-Z 


Standby 



H: V 



IH> 



ni* 



V IH or V IL 
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TC5310D0CM2, TC531000CP 
TC531000CH2, TC531000CF 



OUTLINE DRAWINGS 

Plastic DIP (DIP28-P-600) 



Unit in mm 



28 15 

nnnnnrnnr-innr-irir-ir-i 




> 


o 

-H 

q 



3 7.0±0.2 





Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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Plastic FP (SOP28-P-450) 



TC531000CM2, TC531000CP 
TC531000CM2, TC531000CF 



unit in mm 



1 8.5± 0.2 



28 



nnnnnnnnnnnnnn 



) 



1.0TYP. 



tnnnnnnr 



UMJ 



UUUUUU 



0.4 3 ±0.1 



•$| 0.2 5 @] 



J, 



Id 



\ 



18.5±0.2 



tOTOT^TOMTOWUWJi 



lit 



-p o.i 




Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC531008CM2, TC531000CP 
TC531000CM2, TC531000CF 



L-8 



TOSHIBA MOS MEMORY PRODUCTS 



TC531001CM2, TC531QQ1CP 
TC531001CF-12, TC531001CF 



DESCRIPTION 

The TC531001CP/CF is a 1,048,576 bits read only memory organized as 131,072 words by 8 
bits with a low bit cost, thus being suitable for use in program memory of micro- 
processor, and data memory, especially character generator. The TC531001CP/CF using 
CMOS technology is most suitable for low power applications where battery operations 
are required. 
The TC531001CP/CF has one chip enable input CE for device selection. 



FEATURES 



TC531001CP/CF 


120ns 
Version 


150ns 
Version 


Access Time (max.) 


120ns 


150ns 


Power Dissipation 
Operating Current (max.) 


40mA 


35mA 


Power Dissipation 
Standby Current (max.) 


20yA 


20uA 



PIN CONNECTION 








N.C.E 


.1 


W 


32 


3V DD 


Al 6C 


2 




31 


DN.C. 


Al 5 C 


3 




30 


DXC. 


A12C 


4 




29 


Dai 4 


A7C 


5 




28 


3 A13 


A6C 


6 


> 


27 


DA8 


A5C 


7 




26 


DA9 


A4L 


8 


> 


25 


ZJA11 


A3C 


9 


2U 


24 


DOE 


A2C 


10 


O 


23 


Daio 


A1C 


11 


w 


•>o 


DC£ 


aOC 


12 




21 


DD7 


DOC 


13 




20 


DD6 


DIE 


14 




19 


DD5 


D2C 


15 




18 


3 D4 


GNDC 


16 




17 


DD3 



PIN NAMES 



A0 ^ A16 


Address Inputs 


DO ^ D7 


Data Outputs 


OE 


Output Enable Input 


CE 


Chip Enable Input 


VDD 


Power Supply 


GND 


Ground 


N.C. 


No Connection 



Single 5V Power Supply 
All Inputs and Outputs; 
Three State Outputs 
Fully Static Operation 
Package Plastic DIP: 
Plastic FP : 



BLOCK DIAGRAM 



TTL Compatible 



TC531001CP 
TC531001CF 



n 



CE 
OE O 



°-<>— I 



DO Dl D2 D3 D4 D5 D6 D7 

TTIHTH 



A0 

Al 

A2 

A3 

A4 

A 5 

A 6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

A14 

A15 

A16 



:£>- 



OUTPUT BUFFERS 



COLUMN DECODERS 



1 3 1,0 7 2 x 8 bit 



MEMORY CELLS 



- L-9- 



TC531001CM2,TC531001CP 
TC531 001 CF-1 2, TC531 001 CF 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.5 ~ 7.0 


V 


VlN 


Input Voltage 


-0.5 ^ V DD 


V 


VOUT 


Output Voltage 


% V DD 


V 


PD 


Power Dissipation 


1.0/0.6 * 


W 


TSTG 


Storage Temperature 


-55 ~ 150 


°c 


T OPR 


Operating Temperature 


-40 ^ 70 


°c 


T SOLDER 


Soldering Temperature Time 


260 • 10 


°C*sec 



Note: * Plastic FP 



DC OPERATING CONDITIONS (Ta«-4CW0°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


v D d 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


vie 


Input High Voltage 


2.2 


- 


VdD+0.3 


Vil 


Input Low Voltage 


-0.3 


- 


0.8 



DC and OPERATING CHARACTERISTICS (Ta=-40^ 70°C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


CONDITION 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN =o^v DD 


- 


±1.0 


PA 


lLO 


Output Leakage Current 


CE^IH. Vqut^OV % V DD 


- 


±5.0 


yA 


I OK 


Output High Current 


V OH =2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


3.2 


- 


mA 


I DDS1 


Standby Current 


CE=2.2V 


- 


2 


mA 


X DDS2 


Standby Current 


CE=V DD -0.2V 


- 


200 


yA 


IDD01 


Operating Current 


v IN =v IH /v IL 

I OUT ==0mA 


t cycle =120ns 


- 


50 


mA 


t cycle =1 50ns 


- 


45 


I DD02 


V IN= V DD"0.2V/0.2V 
IqU^OthA 


t cycle =120ns 


- 


40 


t c y c ^ e =150ns 


- 


35 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=lMHz, Ta=25°C 


- 


10 


pF 


C OUT 


Output Capacitance 


f=lMHz, Ta=25°C 


- 


10 



Note 



: This parameter is periodically sampled and is not 100% test 



ed. 
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TC531001CM2,TC53t001CP 
TC531001CF-12, TC531001CF 



AC CHARACTERISTICS (Ta=-40^ 70°C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


120ns 


Version 


150ns V 


ersion 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


t cycle 


Cycle Time 


120 


- 


150 


- 


ns 


tACC 


Access Time 


- 


120 


- 


150 


tCE 


Chip Enable Access Time 


- 


120 


- 


150 


tQE 


Output Enable Access Time 


- 


70 


- 


70 


t CED 


Output Disable Time from CE 


- 


50 


- 


50 


tOED 


Output Disable Time from OE* 


- 


50 


- 


50 


tQH 


Output Hold Time 


5 


- 


5 


- 



AC TEST CONDITIONS 

• Output Load 

• Input Levels 

• Timing Measurement Reference Levels Input 

Output 

• Input Rise and Fall Time 



lOOpF + 1TTL 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.0V 

5ns 



TIMING WAVEFORMS 



A0-A16 



CE 



D OUT 





l CYC 










X 


Val id 


\ 


<. 




l ACC 












CE 


/ 




\ 






l CE 








l CED 








/ 


I 






V 


□ 








l 0E 




l OH 


1 |i.OED_ 


















$OT 




WSpww 


K 






\9W 




UIU 


iX0< 




{ 



OPERATION MODE 



MODE 


CE 


OE 


AO ^ 16 


Outputs 


Power 


Read 


L 


L 


Valid 


Data Out 


Operating 


Standby 


H 




* 


High-Z 


Standby 


Output Deselect 


L 


H 




High-Z 


Operating 



H: V IH , h: V IL , *: V IH or V IL 
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TC5310Q1CM2 P TC531001CP 

TC531001CM2,TC5310Q1CF 



OUTLINE DRAWINGS 

Plastic DIP (DIP32-P-600) 



Unit in mm 



32 

nnnnnnnnnnnnn 



17 

n n n 



) 



UUUUUUUUUUUU I 



4 2±0.2 



16 





as ^J7 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC531001CM2, TC531001CP 
TCS31001CM2, TC531001CF 



Plastic FP (SOP32-P-525) 



lilliiliilililM 




0BBBIBBBBBBBBBBB 



0.7 7 5TYP. | 



0.3 5± 0.1 



Em 



|^-| 0.25 CO) I 



2.0 8 MAX. 



Unit in mm 



A 



^ 




0.8±0.2 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC531001CM2,TC531001CP 
TC531001CM2,TC531001CF 
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TOSHIBA MOS MEMORY PRODUCTS 



TC531024M2, TC531024M5 



DESCRIPTION 

The TC531024P is a 1,048,576 bits read only memory organized as 65,536 words by 16 
bits with a low bit cost, thus being suitable for use in program memory of micro- 
processor, and data memory, especially character generator. The TC531024P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 
The TC531024P is moulded in a 40 pin standard plastic package, 0.6 inch in width. 



FEATURES 



TC531024P 


-12 


-15 


Access Time (max) 


120ns 


150ns 


Power Dissipation 
Operation Current (max) 


40mA 


35mA 


Power Dissipation 
Standby Current (max) 


20yA 


20uA 



• Single 5V Power Supply 



All Inputs and Outputs: TTL Compatible 
Three State Outputs 
Fully Static Operation 
Pin Compatible with 1M EPROM TC571024D 
Package 
Plastic DIP: TC531024P 



PIN CONNECTION (TOP VIEW) 




PIN NAMES 




A0 ^ A15 


Address Inputs 


DO ^ D15 


Data Outputs 


OE 


Output Enable Input 


CE 


Chip Enable Input 


VDD 


Power Supply 


GND 


Ground 


N.C. 


No Connection 



BLOCK DIAGRAM 



VddGND 

n 



Dl D3 D5 D7 D9 Dll D13 D15 
DO D2 D4 D6 D8 D10 D12 D14 



CE 
OE O 

A0 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 
A10 
All 
A12 
A13 
A14 
A15 



<>-<> 1 



^>" 



TYTTTTTTTTTTTTTT 



OUTPUT BUFFERS 



COLUMN DECODERS 



6 5,5 3 6 X 16 bit 



MEMORY CELLS 
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TC531024P-12. TC531024M5 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


VDD 


Power Supply Voltage 


-0.5^7.0 


V 


VlN 


Input Voltage 


-0.5 ^V DD 


V 


v OUT 


Output Voltage 


0^ v DD 


V 


?D 


Power Dissipation 


1.0 


W 


T STG 


Storage Temperature 


-55^150 


°C 


TOPR 


Operating Temperature 


0~ 70 


°C 


T SOLDER 


Soldering Temperature • Time 


260 • 10 


°C • sec 



DC OPERATING CONDITIONS (Ta=0^70°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


Vdd+0.3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



DC and OPERATING CHARACTERISTICS (Ta«0'W0 o C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


v IN =o^v DD 


- 


±1.0 


yA 


X L0 


Output Leakage Current 


CE =V IH> V 0UT =0V^V DD 


- 


±5.0 


I OH 


Output High Current 


V OH =2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


V OL =0.4V 


3.2 


- 


^DSl 


Standby Current 


CE=2.2V 


- 


2 


X DDS2 


Standby Current 


CE=V DD -0.2V 


- 


20 


yA 


I DD01 


Operating Current 


v IN =v IH /v IL 

IoU<j=0mA 


t C y C i e =120ns 


- 


50 


mA 


t cyc ie=150ns 


- 


45 


I DD02 


V IN =V DD -0.2V.0.2V 
Ioux~0mA 


tcycle-l^Ons 


- 


40 


tcycle^i^Ons 


- 


35 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=lMHz, Ta=25°C 


- 


10 


pF 


c OUT 


Output Capacitance 


f=lMHz, Ta=25°C 


- 


10 


pF 



Note: This parameter is periodically sampled and is not 100% tested. 
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TC531024M2, TC531024P-15 



AC CHARACTERISTICS (Ta-0~70°C f V D D»5V±10%) 



SYMBOL 


PARAMETER 


120ns 


Version 


150ns Version 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


t cycle 


Cycle Time 


120 


- 


150 


- 


ns 


tACC 


Access Time 


- 


120 


- 


150 


tCE 


Chip Enable Access Time 


- 


120 


- 


150 


t OE 


Output Enable Access Time 


- 


70 


- 


70 


tCED 


Output Disable Time from CE 


- 


50 


- 


50 


tOED 


Output Disable Time from UE 


- 


50 


- 


50 


tQH 


Output Hold Time 


5 


- 


5 


- 



AC TEST CONDITIONS 

Output Load 
Input Levels 

Timing Measurement Reference Levels Input 

Output 
Input Rise and Fall Time 



lOOpF + 1TTL 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.0V 
5ns 



TIMING WAVEFORMS 



l CYC 



A0-A15 



CE 



OE 



D 0UT 















X 


Valid 


£ 




fc ACC 








_ 




/ 




N 








tCE 






l 


^CED . 








r 


N 


" 






tOE 




}o&. 


JjOED_ 
















wcm 




*wm^> 


\ 








W&* 


v 


ana 


m 


WM 


t 



OPERATION MODE 



MODE 


CE 


OE 


A0^15 


Outputs 


Power 


Read 


L 


L 


Valid 


Data Out 


Operating 


Standby 


H 


* 


* 


High-Z 


Standby 


Output Deselect 


L 


H 


* 


High-Z 


Operating 



H: V IH , L: V IL , *: V IH or V IL 
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TC531024M2, TC531024M5 



OUTLINE DRAWINGS DIP40-P-600 



Unit in mm 



40 



nnnnnnnnnnnnnnnnnnnn 




) 


o 
-H 

CO 


uuuuuuuuuuuuuuuuuuuu 





20 




»-iO 

oo 

+ 



5 0.7±0.2 




Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 

Note: Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC534000P 

DESCRIPTION 

The TC534000P is a 4,194,304 bits read only memory organized as 524,288 words by 
8 bits with a low bit cost, thus being suitable for use in program memory of micro- 
processor, and data memory, especially character generator. The TC534000P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 

The TC534000P has one programmable chip enable input CE/CE for device selection. 
The TC534000P is moulded in a 32 pin standard plastic package, 0.6 inch in width. 



FEATURES 

• Single 5V Power Supply 

• Access Time: 250ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Max.) 
Standby Current : 20uA (Max.) 

PIN CONNECTION 



All Inputs and Outputs: TTL Compatible 

Three State Outputs 

32 pin 600 mil width Plastic DIP 

Fully Static Operation 

Programmable Chip Enable 



K.c.n 

A16 C 

A15 C 

A12 C 
A7 C 
A6 C 
A5 C 
A4 C 
A3 C 
A2 C 
AlCll 
AO C 12 
DO Cl3 
Dl C 14 
D2 C 15 

GND C 16 



-vy- 



10 



PIN NAMES 



32 

31 
30 
29 
23 
27 
26 
25 
24 

2: 

22 
21 
20 
19 
18 
17 



D V DD 

IJA18 

DAI 7 

I3A14 

3A13 

DA8 

DA9 

"JA11 

Doe 

DA 10 

D CE/CE 

DD7 

DD6 

DD5 

DD4 

DD3 



AO ^ A18 


Address Inputs 


DO ~ D7 


Data Outputs 


OE 


Output Enable Input 


CE/CE 


Chip Enable Input 


VDD 


Power Supply 


GND 


Ground 


N.C. 


No Connection 



BLOCK DIAGRAM 



V DD GND 



DO Dl D2 D3 D4 D5 D6 D7 



CE 
OE O- 






AO C 
Al C 
A2 C 
A3 C 
A4 C 
A5 C 
A6 C 
A7 C 
A8 C 
A9 C 
A10C 
A11C 
A12C 
A13C 
A14C 
A15C 
A16C 
A17C 
A18C 



j ) OUTPUT BUFFER 



COLUMN DECODERS 



524,288 X 8 "bit 



MEMORY CELLS 
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TC534000P 



MAXIMUM RATINGS 



SYMBOL 


ITEM 


RATING 


UNIT 


V D D 


Power Supply Voltage 


-0.5^7.0 


V 


VlN 


Input Voltage 


-0.5^ V DD 


V 


v OUT 


Output Voltage 


0%V DD 


V 


?D 


Power Dissipation 


1.0 


W 


T STG 


Storage Temperature 


-55^150 


°C 


TOPR 


Operating Temperature 


-40^85 


°C 


T SOLDER 


Soldering Temperature * Time 


260 • 10 


°C-sec 



D.C. OPERATING CONDITIONS (Ta=-40 % 85°C) 



SYMBOL 


PARAMETER 


MIN. 


TYP . 


MAX. 


UNIT 


VDD 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.2 


- 


V DD -K).3 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 



D.C. and 


OPERATING CHARACTERISTICS 


(Ta=-40^85°C, Vdd=5V±10%) 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN. 


MAX. 


UNIT 


IlL 


Input Leakage Current 


Vin^O % VDD 


- 


±1.0 


uA 


ILO 


Output Leakage Current 


CE=VlH, V O ut*0V^V DD 


- 


±5.0 


yA 


X 0H 


Output High Current 


V 0H =2.4V 


-1.0 


- 


mA 


lOL 


Output Low Current 


V 0L =0.4V 


2.0 


- 


mA 


X DDS1 


Standby Current 


CE=V IH 


- 


2 


mA 


IDDS2 


Standby Current 


CE=V DD and V IN =0V(V DD ) 


- 


20 


pA 


IDD01 


Operating Current 


V IN" V IH/ V IL» t cycle =250ns 


- 


40 


mA 


X DD02 


v IN=V DD /0V, t cycle =250ns 


- 


30 



CAPACITANCE 



SYMBOL 


PARAMETER 


CONDITIONS | MIN. 


MAX. 


UNIT 


ClN 


Input Capacitance 


f=lMHz, Ta=25°C | - | 8 


pF 


c OUT 


Output Capacitance 


f=lMHz, Ta=25°C 


- 


10 



Note: This parameter is periodically sampled and is not 100% tested. 
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TC534000P 



A.C. CHARACTERISTICS (Ta=-40 ~ 85°C, V DD =5V±10%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


tCYC 


Cycle Time 


250 


- 


ns 


tACC 


Access Time 


- 


250 


tCE 


Chip Enable Access Time 


- 


250 


tOE 


Output Enable Access Time 


- 


100 


tCED 


Output Disable Time 


- 


80 


tOED 


Output Disable Time from OE 


- 


80 


tQH 


Output Hold Time 


10 


- 



AC TEST CONDITIONS 

Output Load 

Input Levels 

Timing Measurement Reference Levels 

Input Rise and Fall Time 
TIMING WAVEFORMS 





lOOpF + 1TTL 




0.6V, 2.4V 


Input 


: 0.8V, 2.2V 


Output 


0.8V, 2.0V 




: 5ns 



A0-A18 



CE/CE 



Dqut 



I 



1 



tACC 



\. 



K 



tQE 



J 



tCED. 



A 



t OEL 



OPERATION MODE 



MODE 


CE(CE) 


OE 


AO ^ 18 


Outputs 


Power 


Read 


L(H) 


L 


Valid 


Data Out 


Operating 


Standby 


H(L) 


* 


* 


High-Z 


Standby 


Output Deselect 


L(H) 


H 


■* 


High-Z 


Operating 



H: V IH , L: V IL , 



V IH or V IL 
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TC534000P 



OUTLINE DRAWINGS 



Unit: mm 




0°-15° 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No. 32 leads. 

Note: Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 

circuitry. 
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ELECTRONIC COMPONENTS BUSINESS SECTOR (ECBS) SALES OFFICES 



NORTHWEST REGION 


CENTRAL REGION 

Toshiba .America, Inc. 
1 Parkway North 


EASTERN REGION 


Inshiba America. Inc. 
1220 Midas Wav 


Toshiba .America. Inc. 
25 Mall Road 


Sunnwale. CA 94086 


Suite 500 


5th Floor 


TEL: (408) 737-9844 


Deerfield.IL 60015-25-T 


Burlington, MA 01803 


FAX: (4O8) 737-9905 


TEL: (312) 945-1500 


TEL: (617) 2^2-4352 


SOUTHWEST REGION 


TWX: 29-131 


"AVX: "10 321-6^30 


Toshiba .America, Inc. 


FAX: (312)945-1044 


FAX: (617) 272-3089 


15621 RedhillAve, 


SOLTHCENTRAL REGION 


SOUTHEAST REGION 


Suite 205 


Toshiba .America. Inc. 


Toshiba .America, Inc. 


TListin. CA 92680 


777 E. Campbell Road 


Waterford Centre 


TEL: (714) 259-0368 


Suite 650 


5555 Triangle Parkwa\ 


FAX: (714) 259-9438 


Richardson. TX "5081 


Suite 300 




TEL: (214)480-0470 


Norcross.GA 30092 




FAX: (214) 235-41 14 


TEL: (404) 368-0203 
FAX: (4O4) 368-00"5 
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